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CHAPTER 9.        THE STRATOSPHERIC TRANSPORT OF PUJTONIUM-238 
FROM THE APRIL 1964 SNAP-9A BURNLP 

9.1 Infection of SNAP-9A Plutonium-238 

Plutonium-238 was injected into the upper stratosphere on 21 April J()64 

when a Transit navigational satellite carrying a SNAP-9A power source, wliicli con- 

tained 17 kilocuries of plutonium-238, failed to achieve orbit and burned up upon 
52,53,54 

reentry into the atmosphere .      Presumably the debris from the SNAP-9A 

was distributed initially in the atmospheric layer between 30 and 100 kilometers 

altitude, and thus had an initial distribution similar to that of debris from 

54 
the Orange event in the 1962 Hardtack series of nuclear weapons tests    •       It 

was of great interest, therefore, to monitor the transfer of the SNAP-9A 

plutonium-238 from the upper to the lower stratosphere, and  from the lower 

stratosphere to the troposphere and to the surface of the earth.    The resulting 

information is pertinent to studies of fallout rates of debris from nuclear explo- 

sions in the upper atmosphere as well as to studies of potential atmospheric con- 

tamination resulting from the use of nuclear power sources in space. 

9.2 First Detection of Plutonium-238 from the SNAP-9A Burnup 

The first detection of SNAP-9A plutonium-238 was in filter samples 

collected by the USAEC high altitude balloon program55      at 33 kilometers at 

340S in August    1964,  and  in January 1965 it was detected  in the Northern 

Hemisphere in samples collected at 32.6 and 33.2 kilometers at 3l0N.    Results 

of measurements of subsequent balloon samples permitted the tracing of the grad- 

ual descent of the SNAP-9A debris to lower levels.     The  first definite detection 

of this debris in STARDUST samples was in samples collected  in May 1968 at  19 and 

421 
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20 kll«wt«ri btttfMn 3'<0S and 5S0S.    The plutiinium-U38 concent rat loni In the 

lowtT iiortliurn polar .siratospliere attributable to SNAl'-'JA dflbftl  UlCfWMtd gild- 

nails' tliirin^  1965«    I3y Octt^er ami Novembej* L96f half of th«; philonluin-jaH in 

gome .-;i:!iplf.-i collecttd  in thii Mgion could bo attrlbututl to the SN/\P-'>A MUM« 

STARDUST sampling was- J im i ted  in latitudinal coverage during. Dccumbcr I'oS, but 

evidently tho  influx of SNAI'-'M debris  into the  lower .st rato.sphure of the 

Nortlicm Hutuisphere had greatly accelerated by then, for one aample contained 

twice 81 much SNAP-9A plutonum-'jas as had any previously collected  in that 

region ■ 

y.3      Distribution of SNAP-9A P.lutonium-238 from March to December T.'65 

The plutonium-238 concentrations and the FIX      /I'u"      jctivlty ratios 

measured  in samples collected during each month between March and December L96i 

are plotted in Figures   83 to  88.    In these cross sections a horizontal  line Is 

drawn representing the flight track followed   during the collection of each 

t-amplp.    The plutonium-238 concentrations,  in pCi/100 SCM, are given in the upper 

238      239 halves of the figures, and the Pu      /Pu'"1     ratios are given  in the lower halves. 

A diagrammatic representation of the tropopause is given in each figure for gen- 

eral reference. The data are placed in parentheses when it is suspected that ar. 

error has been made  in the flight data supplied with the sample or during the 

analysis of the  sample. 

238       "'S 9 It appears that Pu"    /Pu"      ratios between 0.02 and 0.04 arc typical 

of debris from nuclear weapon tests,  for results of nearly all  analyses of 

STARDUST samples collected before May 1965 in the Southern Hemisphere and before 

September 1965  in the Northern Hemisphere fell within  that  range.    No clear sign 

of SNÄP-9Ä debris was  found  in samples collected during March   I''65 (Figure 83) 

or April   1965  (Figure 84). 

422 
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During May 1965 SNAP-9A debris,   identified both by relatively high 

plutonium-238 concentrttlons and by relatively high Pu"    /Pu '     ratios, ma 

Pound   in samples collected at  19 and 20 kilometers at 38° - 550S (Figure 85). 

Still  higher,concentrations of SNAP-9A debris were iound   in this  region during 

June to August 1966 (Figures 86 to 88).     Indeed,  the concent rat ions   in  the 

Lower southern  polar Stratosphäre generally continued  to  increase  slowly dur- 

ing September to December 1961  (Figures 89 to 92).     It  is evident  ['rom the 

data   in Figures 85 to 92 that  the SNAP-9A debris was spreading equatorward 

and downward within the   lower southern stratosphere during the  final two third.- 

of  1965. 

Apparently a slow influx of SNAP-VA debris into the lower northern 

polar stratosphere had begun by mid-1965,   for beginning in August Pu "   /Pu 

ratios greater than 0.04 began to appear in samples  in that region.     Ratios of 

0.05 were measured   in  samples collected there during August and  September 1965 

(Figures 88  and 89),  and a  ratio of 0.06 was found  in an October sample 

(Figure 90),  0.08   in two November samples (Figure 91), and 0.14  in a December 

sample are 92).    Evidently the influx of SNAP-9A debris accelerated with 

the c if the winter circulation. 

By cornbining STARDUST data with data from the USAEC high altitude 

,    ,, -, . 49150, 5J. .      , . ,.    ,      , 
balloon  sampling program ,    one may obtain a picture of the downward 

movement of the SNAP-9A debris within the  stratosphere during 1964 and 1965. 

Results of plutonium-2.''!S measurements performed during these two programs on 

samples  collected  at   31° -  450S,  at  5° -  10o\,  at   30° -  40oN'.  and  at  65^ -  7ü"N 

are plotted   in Figures 93,  ',4,  9S and 96 respectively. 

42o 
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At  35° - 450S (Figure  93)  the plutoruum-238 concentrations at 32 ami 

then at 27.5 kilometers   increased during the late winter and early spring seasons 

(August-October)  of the  Southern Hemisphere during 1964 as  SNAP-9A debris moved 

dowiward  from the higher  levels where   it had been injected   in April  1964 (and 

perhaps as  it moved equatorward  from higher latitudes where most of the down- 

ward movement may actually have occurred.)   Little additional downward movement 

of the  SNAP-9A debris occurred at 35° - 450S during October 1964 to March 1965 

(the summer season of the Southern Hemisphere),  but during April to August 

I''65 (the autumn and the winter seasons) the debris moved downward again, 

reaching the level of the tropical tropopause in detectable quantities.    This 

downward motion of the debris resulted in about a tenfold decrease in the 

plutonium-238 concentrations at 32 kilometers.    After August 1965 any addition- 

al downward movement of the SNAP-9A debris at 35° - 450S was slow,  as the 

winter circulation gave way to the spring and summer circulation of the strato- 

sphere. 

At 5° - lü0K (Figure 94)  in the tropical stratosphere SNAP-9A debris 

was present at 32 kilometers by the beginning of 1965,  but had not reached 19.8 

kilometers by November 1965. 

In the northern polar stratosphere (Figures 95 and  96) SNAP-9A 

plutonium-238   reached 27 kilometers,  coming from the region above 32 kilometers 

during the winter of 1964-1965, and  reached 24 kilometers during the spring and 

summer of 1965»     It was not until December 1965,  after the winter circulation 

of the polar stratosphere had again been established  in the Northern Hemisphere» 

that   it   reached 19.8  kilometers at 30° - 4ü0N (and presumably also at 65° -  70oN), 

Where  it was sampled by STARDUST aircraft. 
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238       239 
The value of the Pu      /Pu        activity ratio was approximately 0*03  in 

STARDUST samplei- collected in the Southern llemi.split-re before Mu;.   196!  and   in 

the Northern Hemisphere before November 1965.    Uhing tlu't value,  then, a.-  i he 

238      239 Pu     /Pu       ratio in debris from nuclear weapon t*stS| we have ealculatad tin- 

weapons component of plutonium-238 in eacli STARDUST .sampJe baaad en  the mea- 

sured plutonium-239 concentration in tlie sample.      We have mibtractad  this 

weapons component from the total plutonium-238 c-oiicent rat ion of each sample 

to determine the SNAP-9A component (.see Appendix 9-A), 

The concentrations of SNAP-9A plutoniutn-238  in samples culieetetl 

at 40oS and in samples collected at 250b have been plotted  in time-a!titmle 

sections In Figure 97 and concentration isolines have been drawn through Hie 

data points.    At 40oS SNAP-9A plutoniuin-238  reached 10 kilomeler.- .luring May 

1965 and reached 14 kilometers in the vicinity of the polar tropopause  in 

August 1965.    At 250S the SNAP-9A plutonium-238 probably  reached 10 kilometers 

during June 1965 and reached 16 kilometers in the vicinity of the  tropk-aJ 

tropopause by September 1965.    It is evident that the mediani,-ms ol" atmospherii- 

transport which cause the movement of radioactive debris from tlie upper Into 

the lower stratosphere are capable of transferring ilfnificant |uantltiaa of 

the debris through virtually the entire thickness uf the lower stratosphere 

over the course of a few months.    Such rapid transfer is probably moi-e  ivadily 

explained  in terms of eddy diffusion than in terms of mean advertive  transport 

within the stratosphere. 

After August 1965 changes in the distribution of SNAt'-^A pJutonium-23^ 

at 40oS occurred only slowly.    Presumably tin's  reflects a deci*ease  in i lie  rate 

of vertical exchange with the onset  of the summer circulation   in the southem 

stratosphere.     The decrease in concentrations  in  the layer between   I'J and   17 
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kilometers at 40oS after October 1965 probably rtnilted  fron the poleward 

migration of the jet stream to latitudes liiglier llian 40° during  the  spring 

'months, with the resultant replacement of the low polür trofwpause b)   the 

high tropical  tropopause at 40oS. 

9.4    Distribution of SNAP-9A I'lutonium-L^«  from January   1966  1» Juge   l"i-~ 

The concentrations of SNAP-9A piutoriiuni-238   in  sumph'.-  co3 lected 

at three latitudes at 19 to 20 km during 1966 and 1967 am  Included with the 

1964 and 1965 data and are plotted  in Figure 98.    SNAP-MA plutonium-238 

reached the 19- to 2ü-km level at 40oS during the Soutlicrn IjemispluMV winter 

season in mid-1965, with concentrations ri-ing rapiiJIy from below 0»0S pCi/IOü 

SCM in April to over 1 pOVlOO SCM in May. und to 6 pCi/100 SCM bj  August. 

These dropped back to a value of about a pCi/IOü SCM and  remained   lairly 

steady during the first six months of 1967.    At 7u0N concentration.-  Increased 

gradually at 19 to 20 km during the course of 1965, but  then roae  rapidly 

during the Northem Hemisphere winter season of U'oS-P'oo.    They continued  i«» 

maintain the peak level of 1.5 to 2 pCi/100 SCM to dune  PH.?.    tone  SNA!-'»A 

plutonium-238 was  intercepted  in the equatorial region at   W to 20 km during 

June 1965,  shortly after it reached the lower soulliem polar stratosphere« 

It was not until late 1965, however, when SNAP-9A plutoniun-33€ also reached 

the lower northem polar sti'atosphere,  that a sustained upwsrd  trend began   in 

the concentrations found at the equator.    This trend appearud to have terminated 

in March 1967. 

Plutonium-238 data  from the USAEC balloon sampling program   '   'r 

have been combined with data from Project  STARDUST to calculate  the vertical 

profiles of SNAP-9A plutonruin-238 concentrations  .<hüwii   in  figures  ,,,, and   LOO 
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In Figure 99 are shown profiles for July 1965,  November I'JoS and May-.June  itfaö, 

at  75°   - 600N, and March 1965,  November 1965 and April  1966 at 50°- S0*N.   It   ts 

evident from this figure that in the northern polar slrato.sph€jre during 1965 to 

1966 the concentrations of SNAP-9A plutonium-238 decreased with time at   the high- 

er altitudes and increased at the lower altitudes.  Neverlhfles.s,  during early ]y66 

the highest concentrations were still present  in the upper stratosphere,  and the 

vertical gradient was still quite steep in the lower northern polar streit os- 

phere.   In Figure 100 are shown profiles for April 1965,  September X968 and March 

1966 at 10^ - 10oS,  and March 1965, August 1965 and April 1966 it 300-55°S.   In 

the equatorial region there was a steep vertical concentration gradient  during 

1965 to 1966, with the highest concentrations at the highest altitudes sampled. 

The concentrations increased at all altitudes,   including the highest sampled, 

during the course of 1965-1966.     Before May 1965 there was a  steep vertical 

concentration gradient at 30°  - 550S, with the highest concentrations at the 

highest altitudes sampled.    By the end of the mid-1965 winter season,  however, 

fairly uniform concentrations were found at all altitudes from 25 km to the 

highest altitude sampled, about 32 km, and significant concentrations of SNAP-9A 

plutonium-238 were found at all levels in the lower southern polar stratosphere. 

By April 1966 the layer of rather uniform concentrations appeared to extend from 

26 km or higher down to 19 km.    No substantial change below 20 km was found up 

to February 1967. 

The concentrations of SNAP-9A plutünium-238 measured In samples col- 

lected at about 20 km have been plotted on a latitude-time diagram   in Figure lol, 

together with the flight tracks of the sampling aircraft, and concentration  iso- 

lines have been drawn through the data. The rather sudden entrance of SNAP-9A 

445 



ISOTOPES 
A Teleclyne Company 

plutonium-'238  into the   lower suuthern pulat: titratoyphere during [Bld-1968, and 

its apparent  subsequent equatorward migration may be  seen   in the  figure.    A 

steep concentration gradient was established between the  southern polar and 

southern tropical stratosphere at about 20oS during the  second half of 1965, 

and this gradient grew less steep only slowly from then until mid-]966. 

Between mid-1965 and early  1966  SNAP-9A plutonium-238 entered the  lower 

northern polar stratosphere — at  first slowly, during the late  summer and 

the autumn  seasons, and then rather rapidly, during the winter season — and 

showed an apparent equatorward movement as  it did so.     This movement ceased 

in October 1966.    By the second quarter of 1967 the concentrations over all 

latitudes sampled at 20 km showed about a fourfold variation,   from 1.5 pCi/lOO 

SCM in the north to 0.7 at the equator and 3.0 at 450S. 

The concentrations of SNAP-9A plutonium-238 measured  in samples 

collected  in a  series of latitude bands have been plotted on altitude-time 

diagrams  in  Figures 102 to 105,  together with points representing sample collec- 

tions,  and concentration isolines have been drawn through the data.    Data for 

75° -  670ü and  67° -  52ÜN are plotted  in Figure 102,  those  for 52° - 360N and 

36° - 230N  in  Figure 103,  those  for 23° - 90N and 90N - lO^S in Figure 104, 

and those  for 15° - 370S and 38° -  550S in Figure 105.    The downward movement 

of plutonium-238  into the lower northern polar stratosphere during the 1965-1966 

winter season  is evident  in  Figures 102 and 103.    It is noteworthy that by the 

beginning of the  spring season  in 1966 the  SNAP-9A plutonium-238 had reached the 

lowest  stratospheric levels sampled,   in the vicinity of the tropopause.    The 

downward movement of S.\'AP-9A plutonium-238  into the lower southern polar strato- 

sphere during the mid-1965 winter season  is evident  in  Figure  105.    By the 
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IK'.imE 101.    SNAP '»A PLUTONI11M-238 CONCENTRATIONS BETWEEN l* AND 20 KM. 
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iMginning of tlic spritlg s-eatou   la   late  l0(>(i plult)iniiin-238 liad  ivaelied the lowest 

■tXWtospfaeric   Leveli  ta;iipled,   in the vicinity of tlie tropopan.-u.    The iMoveiiienl 

of plutoniuiii-238   Into tlie tropical   si ratospliere during lale  1965 and early 1966 

by downwanl and/or utiuatoivanl migration  is evident   in  I'i^LU'e  104. 

The concentration   isopleths of SNAP-''A piutüniuiii-L'38  in tlie Nortliem 

iltimisplit-ce  (Figures  102 and  1.Ü3)  showed  little change during the period  fi*om 

niid-l'Hib to mid-.19t)7.    In the equatorial   x-egion the concentrations during this 

period were still slowly  iiu-reaslng at the 19- and 2ü-kilometer levels.    In 

the region of 38')to 5S0S shown in Figure 105 a significant decrease in the con- 

centrations between 16 and 20 km is  seen starting in mid-1966. 

Ono could conclude that during late 1966 and early 1941 at 15 to 20 km 

in the Horthem Hemisphere transfer of plutonium-238 to the south or to the 

troposphere was offset by contributions from the upper stratosphere.    This could 

imply that the supply of plutonium-238  In the upper northern stratosphere was 

not  substantially depleted.    Near the equator contributions to the lower strato- 

-phere continued to be greater than the amounts transferred to the troposphere. 

However,  closer to the southern polar region the contribution from the upper 

stratosphere was  less than that lost to the troposphere.    Thus the concentrations 

remaining  in the upper stratosphere were too low to offset the effects of fall- 

out.    Nevertheless these  remaining concentrations are  still higher than those  In 

the Northern Hemisphere. 

l>.I    Conclusioiis on the Transport Mechanism 
58 

Telegadaa and List concluded that the observed downward movement 

in  the northern polar stratosphere of rhodium-lü2,  cerlum-i44 and  strontium-90 

from the 1958  nuclear weapon tests "suggests that mass movement   rather than 
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vertical diffusion is the dominant mechanism in the polar winlur si ralot-pliurc 
59 

between 14 and 20 km."      List, et al.       believe that observations of the move- 

ment of cadraium-109 in the stratosphere are cfrnipatrble willi thai  R&ncluaion« 

It is evident from the STARDUST ntttUSMMMlta at SXAl'-'iA plutfmitm-238, 

however, that the mechanism of vertical  transport of radioac-livily in the polar 

stratosphere of both hemispheres is capable of moving lignificant qu^itltiefl of 

a tracer nuclide from the region above the 20 km level  to beJow the  \2 km  level 

in the course of a single winter season.    If this transfer is altribuli'd to 

mass movement of the air,  it is  implied that all of the air below tlie 20 km 

level in the polar stratosphere is transferred downward into the troposphere 

during the course of the winter.    If this occurred, all of tlie fission produets, 

activation products and cosmic ray products in the lower polar stratosphere 

would also enter the troposphere during the winter, and the highest rates of 

fallout of these nuclides would occur in the winter and not in the spring, as 

is actually observed.    Moreover, the replacement of the 18 x  10      kg of air 

between 12 and 20 km in the polar stratosphere (30° - 90° latitude) by air moving 

down from the upper stratosphere would also require an influx of air from tlie 

tropical stratosphere into the upper polar stratosphere,  for the  latter region 

contains only 7 x 10      kg.    If the extra 11 x 10      kg of replacement air came 

from the tropical stratosphere of the same hemisphere, all of tlie air above about 

17 km would be required. 

If this massive movement of air occurred;, all of the air in tlie upper 

atmosphere — and all of the tracer nuclide as well — would be transferred into 

the lower polar stratosphere within a single year, and this Is clearly not true. 

In fact, more than a year had passed following their injections at high allitude 
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befera asiy fliudium-lü'j,  (.•oiimiuin-ll)1» or pluti'üiuin-238 eiituret!  Ihfi   Inwur ^Iratu- 

sphcWt  ;!l"i two year.- after llieii* injecl iuut- tlif eonrant^ltiona of llitvse nuclide.-' 

in the upper st ratos-plieiie were  j-tiJl liigli.     Furthermore,   if virluaJly all of the 

air  in  tin1 trupiVal   .-tratcjspliere of each hemisphere were  t raiisf».'i-re<I   into the 

polar .-■trato.sphere ituring the winter  it would have to be   repiaeeti by air from 

the  tropical   -t rato&pheri' of the other hemisphere or by t roposplio ric air.    If 

the  ivpJai'tMit.'iit  came from the .-t ratosphere of the other ht'inisphere one i-esult 

would be a  rapid equalization of concentrations of radioactive debris within 

the tropical   stratosphere of both hemispheres.    There was a stucp horizontal 

gradient  in strontium-l>ü concentrations within the lower southern tropical 

stratosphere (0° - 30oS),  however,  for at  Least one year following the ]958 low 

latitude tests of nuclear weapons, and  for two years following the ]M62 tests. 

If the  replacement came from the troposphere, the concentrations of radioactive 

debris  in the tropical   stratosphere should have become virtually zero within a 

year following the last  in.iection  into that region.    Quite the contrary, by 

l'H>5 the highest concentrations of strontiuin-90 were found in the upper tropi- 

CM 1   il rvHosphere. 

We would  conclude, then,  that the  rapid movement of SNAP-VA plutonium- 

238   from the upper stratosphere down to the   level  of the tropopause during the 

course of only a single winter season can best be attributed  to turbulent exchange 

within  the winter polar vortex.     This process would produce the ohserwd gentle 

concentration gradient   tn  the   lower stratosphere, whereas downward mass movement 

would produce in the lower stratosphere the same steep concentration gradient 

observed tn the upper stratosphere during the months wluch preceded the mass 

movement«    Moreover,  vertica]   turbulent exchange would cause high concentrations 

454 



ISOTOPES 
A Teledyne Company 

of the tracer nuclides to remain in tlie upper Ktralühplieru (or wwrtl ycurs, 

and this too is observed to occur. 

9.6    Calculation of the SNAP-9Ä Plutonium-238 Stratosplieric hurdvu 

As an increasing fraction of the SNAP-9A pJuloiiiL'in-238 liu.- vi mtwd 

the lower stratosphere it has become possible to calculate more accurately the 

S2  53 stratospheric burden of this nuclide.      The total  injection lia.s been reporled   ' 

to be 17 kilocuries. 

Thus, except for the negligible quantity that may have entere«] the 

tropoaphere by early 1966, the calculated stratospheric burJen sliouJd be 11 

kilocuries.    Using the data from Project STARDUST and from the (JSAEC balloon 

program, however, we calculated the stratospheric burden of SNAP-'M plutünium-238 

during September-December 1965 to be 7.5 kilocuries according to the distribution 

shown in Figure 105-A.    Presumably this low value resulted from our under- 

estimating concentrations in the upper atmosphere, and perhaps in the lower 

southern polar stratosphere. 

By early 1966 SNAP-9A plutonium-238 had entered tlie Jower nortliern 

polar stratosphere.    The estimated distribution of this nuclide in tlie STARDUST 

sampling corridor during January to April 1966 is shown in Figure  106.    We have 

extrapolated this distribution into the upper atmosphere using data from tlie 

57 USAEC balloon program and have calculated a total stratospheric burden of 

12 kilocuri«s of SNAP-9A plutonium-238.    The distribution of this bunion and of 

that calculated for late 1965 are summarized in Table 109.    According to our 

estimate for early 1966 only 6.5 kilocuries had entered the lower st ratospliere 

by April 1966, two years following the injection of the plutonium-238.    Presum- 

ably the burden in the atmospheric region above 22 km is more nearly 10.5 than 
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TABLE 109.          The Distribution of the Stratospheric Burden of SNAP-9A 
Plutonium-238 (in kilocuries)  

Altitude 

km mb 

September-December 1965 

60-22 

22-15 

15-9 

0-40 

40-120 

120-300 

L atitude 

90-30ON 30o-0oN 0-30oS 30-90OS Total 

1.4 0.5 1.2 2.0 5.1 

0.0 0.0 0.5 1.9 2.4 

0.0 - — 0.0 0,0 

1.4 0.5 1.7 3.9 7.5 

January-April 1966 

60-22 0-40 

22-15 40-120 

15-9 120-300 

1.0 0.7 1.7 2.1 5.5 

0.8 0.2 0.6 4.0 5.6 

0.3 0.0 0.0 0.6 0.9 

2.1 0.9 2.3 6.7 12.0 
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5.5 aci, which could suggest that the collection efficiencies of the balloon sam- 

plers are less than 100 percent, or that concentratioiiy measured ai  340S by the 

balloon program are often not representative of those in the southern polar 

stratosphere. 

Since less than 10 percent of the SNAP-9A plutoniuiii-238 injected was 

found in the stratospheric regions below 15 km in early 1966, it seems unlikely 

that a significant amount of this tracer nuclide had entered the troposphere by 

then. 

9.7 Anomalous Measurements - Effect of Particle Size 

Ti-'o samples collected between 170S and about 350S, one during May 

and one during June 1965, appeared to contain SNAP-9A plutonium-238. These 

results seem anomalous, however, for samples collected farther south at the 

same altitude and at higher altitudes at the same latitude did not contain 

SNAP-9A debris. These two samples, SQ-7251 and SQ-7264, were reanalyzed, as 

SQ-7565 and SQ-7566 respectively, to confirm these potentially significant 

results. In the original analyses one half of each filter was used, and in 

the reanalyses one quarter of each was used. Data from the analyses of these 

four samples are contained in Table 110. The reanalyses failed to confirm the 

presence of SNAP-9A plutonium-238 in the samples. 

The failure of the reanalyses to find SNAP-9A debris may mean that 

the original analyses were in error, but there is another possibility. If the 

SNAP-9A debris which entered the lower stratosphere during the first half of 

8     9 
1965 was carried by particles large enough to contain between 10 to 10 atoms 

of plutonium-238, only one or two such particles would have to be included in a 

sample to give the level of plutonium-238 activity displayed by samples SQ-7251 
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TABLE .110. Results of Plutonium Analyses of Selected Samples,   Including 
Reanalyses of Two Anomalous Samples 

pCi/100 SCM 

Sample 
Numbe r 

Collection 
Date Latitude 

380-550S 

Altitude 
(km) 

18.9 

D 238 Pu 

Pu239 

0.04 

Total 

Pu239 

1.72 

Total 
B 238 Pu 

0.06 

SNAP-9A 

Pu238 

Sg-7564 28 Apr 65 < 0.03 

SX-7476 9 Nov 65 380-550S 19.2 3.34 2.40 8.02 7.94 

SQ-7251 11 May 65 J7U-360S 16.2 0.13 0.86 0.11 0.08 

SQ-7565 11 May 65 170-360S 16.2 0.04 0.92 0.03 < 0.02 

SQ-7264 23 Jun 65 170-340S 16.2 0.19 1.26 0.24 0.21 

SQ-7566 23 Jun 65 170-340S 16.2 0.03 1.16 0.03 < 0.03 
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and  SQ-7264.    The sizes of the hypothetical spherical particles of Pu      0^ 

required to contain all. of the  SNAP-9A plutonium-238   in each of the two samples, 

SQ-7251 and SQ-7264, have been calculated,      The calculation, which Is shown In 

Table HI,  indicates radii  of 0.15 and 0.12 micron  for these hypothetical   .spheri- 

cal particles at theoretical density.      If the SNAP-9A plutonlum»23i were 

actually present as aggregates of smaller spherical particles, and the aggre- 

gates consisted of 50 percent open spaces and  50 percent ptrticles of milli- 

micron size,  the radii of the spherical aggregates would be 26 percent larger 

than is calculated in Table 111. 

No evidence is currently available to confirm the possible correct- 

ness of the original analyses and of the reanalyses of the two anomalous samples, 

but the alpha spectra obtained  in both sets of analyses appear to be of good 

quality.    Data are Included  in Table 110 for sample SQ-7564, collected at 

38° -  550S one month before the first definite  interception there of SNAP-'.'A 

debris, and  for sample SX-7476,  collected at approximately the same location 

af'.er comparatively high concentrations of SNAP-9A debris had arrived.    The 

alpha spectra for these two samples are plotted  in Figure 107.    Peaks are  shown 

which are attributable to plutonium-239, plutoniurn-238 and plutonlum«236  (which 

is added to the samples before analysis to permit calculation of radlochemlcal 

yields).    The addition of SNAP-9A plutoTium-238  to plutonium fron  weapons 

debris causes a readily discernible increase in the  ratio of the area under the 

5.5 Mev plutonium-238 peak to the area under the 5.1 Mev plutüni.im-239 peak. 

Alpha spectra for samples  SQ-7251 and SQ-7565 and for samples SQ-7264 and 

SQ-7566 (all with the 5.8 Mev plutonium-2c6 peaks deleted) are coiBfared   in 

Figure 108.    All spectra are of reasonably good quality,  suggesting thai  perhaps 
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the analysis are  indeed correct, and that failux'e of the plutonium-238  results 

to agree on duplicate sarafles results from inhomogeneoua distribution of 

SNAP-9A debris on the  filters.       This could result  if the particles carrying 

the debris had   radii   in the   range of 0.12 to 0.15 micron. 
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TABLE 111.   Estimatfs of Sizes of Hypütheticai Splierical garttclgs of PuO,, 

(1) 

('2) 

AN 
At 

= D = \N , 

where    ^ = AT   =    ü'Jserved disintegration rate of Pu '   ,   in at uin.s/inin., 

2Ü8 -H —J 
X = decay constant  of Pu "   ,   1.48 x  iü      min.       , 

238 

N = A 

N = atoms of Pu " in the sample 

V P 
M 

23 
where A = Avogadro's number = 6.02 x 10" atoms/mole 

238 3 
V = volume of Pu  0,, particle, in cm 

238 3 
p = density of Pu   = 11.46 g/cm 

238 
M = molecular weight of Pu  00 =2 70 g/mole 

(3) 
V 

4.189 

where    r • radius of particles,  in cm. 

(4) r   = 
KM DM 

4.189      4.189 Ap      4.189 XAp 
-       270 D  

(4.189)(1.48x10-« )((3.02xJ 0^3)f Ji.4o) 

r    = 0.631 x 10-15D 

For SQ-7264: 

D = (4.59xl0'3dpm/SCM)(1.29xl03SCM) = 5.9 dpm. 

r3= (0.631 x  10':L5)(5.9) = 3.72 x  10~15 

r = 1.5 x  10~5 cm. = 0.15 M 

For SQ-7251: 

D = (1.77xl0"3dpm/SCM)(1.64xl03SCM) = 2.9 dpm 

r3= (0.631 x  I0'i5)(2.9) = 1.83 x  lü"15 

r = 1.2 x  .10~    cm. = 0.12 M 
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APPENDIX ''-A 

TABLE    9A-i. Plutonium Nuclid€ ConcentralIons  in Stratospheric  Samples 
January  L965 to June  1967. 

Nuclide  Con centratlons (pCi/1 00  SCM) 

Scülip If 
Collec 

Dal. 
i i on Lai i tude 

Range 

750N-t.70N 
750N-6 7"N 

Altitude 
(km) 

18.3 
UM 

Total 
Sr90 

633 
461 

Total 
Pu239 

11.4 
8.68 

Total 
Pu238 

0.36 
0.30 

Weapon 
pu2§8 

0.31 
Ü.23 

SNAP-9A 
pu238 

S(i-70;j4 
SQ-7035 

5 Jan 
S -Ian 

61 
(.5 

0.05 
0.07 

SQ-7043 7 .Ian 65 22oN-09oN 20,4 625 1.1 .7 0.30 0.32 < 0.01 

SQ-6982 1 5 Jan 65 ;{80S-470S '20.4 221 3.37 0,1] 0.09 0.02 

SQ-7038 
SQ-7047 

1" Jan 
19 Jan 

65 
65 

7 50N-670N 
.I50S-370S 

15.2 
20.9 

566 • 
223 

11.1 
3.69 

0.32 
O.ll 

0.30 
0.10 

0.02 
'0.01 

SQ*-7056 2 Peb 65 520N-37ÜN 18.3 496 10.1 0.33 0.27 0.06 

SQ-706] II   Feb 65 380S-470S 20.5 164 1.99 0.08 0.05 0.03 

SQ-7052 
SQ-7065 

16 Fob 
16 Feb 

65 
65 

750N-670N 
220S-3708 

16.8 
21.0 

499 
165 

8.62 
2.34 

0.31 
0.06 

0.23 
0.06 

0.08 
< 0.01 

SQ-7107 2 Mar 65 520N-360N 19.8 480 6.14 0.18 0.17 0.01 

SQ-7106 3 Mar 65 7 50N-ö7üN 19.7 388 4.67 0.19 0.13 0.0 6 

SQ-7151 4 Mar 65 09oN-10oS 20.4 367 5.63 0.12 0.15 < 0.01 

Sq-714] 31  Mar 65 380S-5S0S 19.6 134 1.52 0.04 0.04 < 0.01 

Si^.SrM 
SQ-.7559 

13 Apr 
L3 Apr 

65 
65 

170S-360S 
170S^;360S 

16.2 
17.7 

32 
44 

0.45 
0.73 

0.01 
0.02 

0.01 
0.02 

< 0.01 
< 0.01 

SQ-756] 
SQ-7S62 

14 Apr 
14 Apr 

65 
65 

380S-55oS 
380S-550S 

16.2 
17.7 

58 
74 

0.83 
0.87 

0.02 
0.02 

0.02 
0.02 

< 0.01 
< 0.01 

SQ-7143 
SQ-7563 

27 Apr 
27 Apr 

65 
65 

17o3-34°S 
L70S-360S 

1 9.0 
1 9.9 

151 
136 

2.07 
2.07 

0.07 
0.09 

0.06 
0.06 

0.01 
0.03 

SQ-7142 
SQ-7152 
SQ-7564 

28 Apr 
28 Apr 
28 Apr 

65 
65 
6S 

670N-530N 
09ON-10oS 
380S-550S 

1 9. L 
1 9.9 
L9.0 

416 
339 
129 

6.04 
5.68 
1 .72 

0.21 
0.13 
0.07 

0.16 
0.15 
0.05 

0.05 
< 0.01 

0.02 

SQ-725] 
SQ-7&65 
SQ-7739 
SQ-7252 
SQ-774] 

l l May 
1 1  May 
1 1  May 
1 1 May 
i i May 

65 
6 5 
65 
65 
115 

L70S-360S 
I70S-360S 
1 70S-360S 
170S-360S 
L70S-360S 

16.2 
16.2 
16.2 
17.7 
17.7 

46 
65 
51 
80 
77 

0.86 
0.92 
0.79 
1.57 
1. 1 5 

(0.11) 
0.03 
0.03 
0.05 
0.1)3 

0.02 
0.02 
0.02 
0.04 
0.03 

(0.09) 
0.01 
0.01 
0.0.1 

< 0.01 
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TABLE   9A-1. (continued) 
Nucllde ConcGiilrat ioner:  (pCi/JOU  SCM) 

Collection Latitude Altitude Total Tulal Total Woapun  SNAP-9A 

Sample Date Range 

390S-47S0 

(km) 

16.2 

Sr90 

160 

pu239 

3.05 

pu238 

0.13 

pu238 

0.O8 

pu23« 

SQ-7253 12 May 65 0.05 

SX-7237 25 May 65 750N-670N 18.5 334 8.28 0.27 0.22 0.05 
SQ-7160 25 May 65 520N-370N 19.5 302 5.68 0.20 0.15 0.05 
SQ-7161 25 May 65 360N-230N 19.6 315 8.96 0.22 0. ] 6 0.06 
SX-7175 25 May 65 23oN-09oN 20.1 (181) 5.9» 0,18 0. ] 6 0.02 

SQ-7742 26 May 65 190S-340S 18.9 149 2.07 0.06 0.06 < 0,01 
SQ-7162 26 May 65 180S-360S 19.6 197 2.00 0. 1 ] 0.05 0.06 
SQ-7743 26 May 65 180S-360S 19.6 155 1.81 0.13 0.05 0.08 

SQ-7159 27 May 65 670N-520N 19.0 296 5.30 0.18 0. ] 4 0.04 
SQ-7164 27 May 65 380S-550S 18.9 127 2.34 0.52 0.06 0.46 
SQ-7163 27 May 65 380S-550S 19.8 97 1.88 1.26 0.05 1.2] 

SX-7238 28 May 65 9oN-10OS 19.2 180 4.42 0.]3 0.12 0.01 
SX-7176 28 May 65 9oN-10OS 20.7 235 5.02 0.13 0.14 < 0.0] 

SQ-7397 1 Jun 65 40° S 12.2 42 0.70 0.02 0.02 < 0.0] 

SQ-7254 8 Jun 65 750N-670N 16.8 423 8.63 0.24 0.23 0.01 
SQ-7255 8 Jun 65 9oN-10oS 17.7 88 1.84 0.05 0.05 < 0.0] 
SQ-7744 8 Jun 65 170S-350S 16.2 24 0.35 0.01 0.01 < 0.0] 
SQ-7256 8 Jun 65 170S-350S 17.4 88 1.50 0.06 0.04 ' J.02 
SQ-7745 8 Jun 65 170S-350S 17.4 96 1.53 0.07 0.04 0.03 

SQ-7257 10 Jun 65 67oN-50oN 15.2 223 4.78 o.is 0.13 < 0.01. 
SQ-7258 10 Jun 65 23oN-09ON 17.7 219 4.20 0.13 0.1] 0.02 
SQ-7259 10 Jun 65 380S-550S 16.2 152 2.16 0.07 0.06 0.01 
SQ-7746 10 Jun 65 380S-550S 16.2 132 1.83 0.05 0.05 < 0.0] 
SQ-7261 10 Jun 65 380S-550S 17.7 156 2.72 0.38 0.07 0.3J 
SQ-7747 10 Jun 65 380S-550S 17.7 158 2.32 (2.40) 0.06 (2.34) 

SQ-7178 22 Jun 65 330N-280N 19.2 358 6.06 0.2] 0.16 0.05 
SQ-7179 22 Jun 65 23oN-09oN 19.2 219 4.07 0.14 0.11 0.03 
SQ-7262 22 Jun 65 380S-55oS 18.6 145 2.24 1.46 0.06 ] .40 
SQ-7183 22 Jun 65 380S-550S 19.3 121 1.60 1.89 0.04 1.85 
SQ-7748 22 Jun 65 380S-550S 19.3 130 1.78 1.75 0.05 1.70 

SQ-7177 23 Jun 65 67oN-50oN 18.3 318 5.50 0.20 0.15 0.05 
SQ-7263 23 Jun 65 50ON-37oN 18.3 356 6.71 0.19 0.18 0.01 

SQ-7264 23 Jun 65 17ÜS-340S 16.2 80.6 1.20 (0.24) 0.03 (0.21) 
SQ-7566 23 Jun 65 170S-340S 16.2 80.9 1.16 0.04 0.03 0.01 
SQ-7181 23 Jun 65 170S-340S 17.7 108 2.00 0.04 0.05 < 0.01 
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TABLE   9A-1. (continued) 
Nuclide Concentrations ^pCi/lOü SCM) 

Sample 
Colleel 

Da tu 
Ion Lat itude 

Range 
Altitude 

(km) 

16.2 
16,2 
17.7 
17.7 

Total 
Sr'-'O 

126 
128 
156 
156 

Total 
pu239 

1.88 
1.97 
2.46 
2.48 

Total 
pLl238 

0.07 
0.06 
0.12 
0.13 

Weapon 

0.05 
0.05 
0.07 
0.07 

SNAP-9A 
pu238 

SQ-7184 

SQ-774" 
SQ-7IH2 
SQ-775] 

24 Jun 
24 Jun 
24 Jun 
24 Jun 

65 
66 
65 
o5 

38oS-550S 
38oS»550S 
380S-6g0S 
;i80S-550S 

0.02 
0.0.1 
0.05 
0.06 

SQ-7265 
SQ-7266 
SQ-7180 

2S .Jan 
25 Jun 
25 -Jun 

66 
65 
65 

760N-670H 
09ON-X0O§ 
09oN-10oS 

18.6 
19.2 
20.0 

361 
208 
254 

5.22 
3.16 
4.31 

0.17 
0.10 
0.36 

0.14 
0.08 
0.12 

0,03 
0.02 
0.24 

SM-7239 
SK-7192 
SX-7193 
SX-724:i 
SX-7194 

1" Jul 
L9 -Jul 
L9 Jul 
19 Jul 
19 Jul 

65 
65 
65 
65 
65 

520N-37ON 
520N-370N 
360N-230i\' 
I70S-340S 
170S-340S 

18.3 
19.3 
19.8 
19.0 
19.8 

308 
426 
439 
122 
205 

7.19 
4.93 
5.69 
2.43 
2.53 

0.23 
(0.87) 
0.22 
1.21 
0.63 

0.19 
0.13 
0.15 
0.07 
0.07 

0.04 
(0.74) 
0.07 
1.14 
0.56 

SX-7242 
SX-7197 

20 Jul 
20 Jul 

65 
66 

380S-550S 
380S-550S 

18.9 
19.5 

122 
1.57 

2.37 
1.81 

1.56 
2.83 

0.06 
0.05 

1.50 
2.78 

SQ-72o7 
SK-7243 

21 Jul 
21 Jul 

65 
65 

170S-360S 
170S-360S 

16.2 
17.7 

35 
121 

0.41 
2.37 

0.01 
0.28 

0.01 
0.06 

< 0.01 
0.22 

SX-7244 
SK-7195 
SX-7196 

22 Jul 
22 Jul 
22 Jul 

65 
65 
65 

760N-670N 
380S-550S 
:i8üS-550S 

18.3 
16.2 
17 7 

235 
160 
196 

5.56 
1.97 
2.07 

0.20 
0.15 
0.36 

0.15 
0.05 
0.06 

0.05 
0.10 
0.30 

SX-7245 
SX-7246 

23 Jul 
23 Jul 

65 
65 

750N-660N 
750N-660N 

15.2 
16.8 

235 
331 

5.55 
7.60 

0.16 
0.25 

0.15 
0.21 

0.01 
0.04 

SX-7190 
SX-7191 
SX-7247 

24 Jul 
24 Jul 
24 Jul 

65 
65 
65 

670l\-52
ü.\ 

64ÜN-520N 
09oN-02o8 

18.3 
19.0 
17.4 

428 
378 
99 

3.93 
4.66 
2.62 

0.14 
0.20 
0.08 

0.11 
0.13 
0.07 

0.03 
0.07 
0.01 

SX-7248 
SX-7249 

25 Jul 
25 Jul 

65 
65 

36oX-230N 
23oN-09oN 

17.7 
17.7 

(92) 
(13) 

2.50 
(0.40) ( 

0.08 
<0.02) 

0.07 
(0.01) 

0.01 
(<0.01) 

SX-7396 
8Q-7398 
SQ-7198 
SQ-7199 
SQ~7200 

28 Jul 
10 Aug 
15 Aug 
15 Aug 
15 Aug 

65 
65 
65 
65 
65 

4u0S 
40oS 

750N-670\' 
75oN-670N 
09ON-10oS 

12.2 
12.2 
18.3 
19.2 
19.2 

(54) 
58 

452 
407 
243 

(0.93) 
1.00 
4.90 
4.60 
4.15 

(0.03) 
0.14 
0.15 
0.24 
0..13 

(0.02) 
0.03 
0.13 
0.12 
0.11 

(0.01) 
0.11 
0.02 
0.12 
0.02 

SQ-720] 
SQ-7202 

1 6 Aug 
L6 Aug 

65 
65 

520N-370N 
520\'-470N 

18.3 
19.4 

345 
280 

5.88 
5.28 

0.19 
0.20 

0.16 
0.14 

0.03 
0.06 
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TABLE 9A-1. 

Sample 

Sg-7203 
SQ-7204 
SQ-7205 
SQ-7206 
SQ-7207 
SQ-72^8 

SQ-7209 
SQ-7567 
SQ-7211 
SQ-7212 
SQ-7213 
SQ-7214 
SQ-7215 
SQ-7216 

Collection 
Date 

17 Aug 65 
17 Aug 65 
17 Aug 65 
17 Aug 65 
17 Aug 65 
17 Aug 65 

19 Aug 65 
19 Aug 65 
19 Aug 65 
19 Aug 65 
19 Aug 65 
19 Aug 65 
3 9 Aug 65 
19 Aug 65 

(continued) 

Latitude 
Range 

360N-230N 
360N-230N 
09ON-10oS 
09oN-10oS 
380S-550S 
380S-550S 

Nuclide Concentrations (pCi/lüü SCM) 

670N. 
670N. 
360N. 
230N- 
230N- 
250S- 
170S- 
170S- 

■520N 
•520N 
230N 
09ON 
120N 
360S 
360S 
360S 

SQ-7217 21 Aug 65 09ON-10OS 

SQ-7399  9 Sep 65    400S 

SX-7301 
SX-7302 
SX-7303 
SX-7304 
SX-7305 
SX-7306 

SX-7307 
SX-7308 
SX-7309 

SX-7311 
SX-7312 
SX-7313 
SX-7314 
SX-7315 

SX-7316 
SX-7317 
SX-7318 
SX-7319 

13 Sep 65 
13 Sep 65 
13 Sep 65 

Sep 65 
Sep 65 
Sep 65 

13 
13 
13 

14 Sep 65 
14 Sep 65 
14 Sep 65 

15 Sep 65 
15 Sep 65 
15 Sep 65 
15 Sep 65 
15 Sep 65 

16 Sep 65 
16 Sep 65 
16 Sep 65 
16 Sep 65 

750N-670N 
750N-670N 
520N-370N 
520N-370N 
360N-230N 
380S-550S 

67oN-50oN 
380S-550S 
380S-550S 

750N-670N 
750N-670N 
09oN-10os 
250S-360S 
210S-360S 

67oN-50ON 
670N-520N 
670N-520N 
23oN-09ON 

Altitude 
(km) 

18.9 
19.6 
16.2 
17.7 
18.7 
19.3 

18.3 
19.4 
17.7 
17.7 
19.4 
16.2 
17.7 
19.7 

19.7 

12.2 

18.3 
19.3 
18.3 
19.5 
19.8 
19.3 

16.8 
16.2 
17.7 

15.2 
16.8 
17.7 
16.2 
17.7 

15.2 
18.3 
19.8 
20.0 

Total 
Sr90 

472 
375 
25 

113 
159 
143 

399 
281 
180 
119 
254 
89 

121 
145 

264 

39.8 

329 
391 
270 
382 
297 
172 

248 
167 
172 

SX-7321    17  Sep 65    180S-360S 19. 

237 
391 
114 

(42.6) 
(59.0) 

136 
396 
229 
248 

130 

Total 
Pu239 

Total 
PU238 

5.82 0.17 
5.88 0.21 

(0.05) (<Ü.16) 
2.08 0.06 
2.45 3.02 
2.38 4.98 

8.43 
4.28 
3.69 
2.13 
4.55 
1.44 
1.70 
2.75 

3.54 

0.81 

5.58 
4.67 
4.64 
4.82 
4.32 
2.48 

4.13 
2.53 
2.70 

3.58 
5.91 
2.23 
0.95 
1.68 

2.89 
7.38 
4.13 
5.29 

2.43 

0.27 
0.17 
0.12 
0.06 
0.12 
0.09 
0.22 
2.08 

0.14 

<0.01 

0.19 
0,19 
0.17 
0.18 
0.16 
5.10 

0.10 
0.50 
3.05 

0.10 
0.17 
0.15 
0.24 
0.23 

0.09 
0.22 
0.20 
0.14 

2.45 

Weapon 
Pu238 

0.16 
0.16 

(0.00) 
0.06 
0,07 
0.06 

0,23 
0.12 
0.10 
0,06 
0.12 
0.04 
0.05 
0,06 

0,10 

0.02 

0.15 
0.13 
0.13 
0,13 
0,12 
0,07 

0.12 
0.07 
0.07 

0.10 
0,16 
0,06 
0.03 
0.04 

0.08 
0.20 
0.11 
0,14 

0,07 

SNAP-9A 
Puff 

0,0] 
0,05 

(<Ü.16) 
<ü,01 
2,95 
4.92 

0,04 
0,05 
0,02 

<0.01 
<0,01 
0.05 
0.17 
2.02 

0.04 

<0.01 

0.04 
0.06 
0.04 
0.05 
0.04 
5.03 

<0.Ü1 
0.43 
2,98 

<Ü,01 
0,01 
0.09 
0.21 
0.19 

0.01 
0,02 
0,09 

<0,01 

2.38 
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TABU; 9A_lt (continued) 

Collection    Latitude 
MmBk. Pate Range 

SX-7322    18  Sup 65      09ON-lüoS 

SX-74(.4 
SQ-7401 

6 Ocl   65 
6 Get  65 

40 OS 
40OS 

SQ-7359    10 Get  65      170S-360S 

SQ-7353 
SQ-7354 
SQ-7355 
SQ-7356 
SQ-7357 
SQ-7358 

U Get 65 
11 Get 
11 Get 
11 Get 
11 Get 
11 Get 

65 
65 
6S 
65 
65 

SQ-7361 12 Get 65 
SQ-7362 12 Get 65 
SQ-7365 12 Get 65 

SQ-7363 13 Get 65 
SQ-7364 13 Get 65 
SQ-7368 13 Get 65 
SQ-7369 13 Get 65 

SQ-7366 14 Get 65 
SQ-7367 14 Get 65 

SQ-7371 15 Get 65 
SQ-7372 15 Get 65 
SQ-7373 15 Get 65 
SQ-7;J74 15 Get 65 

SQ-7531  3 Nov 65 

SQ-7532 4 Nov 65 

SX-'7473 7 Nov 65 

SX-7467 
SX-7468 
SX-7469 
SX-7471 
SX-7472 
SQ-748IJ 
SX-74-74 

8 Nov 65 
8 Nov 65 
8 Nov 65 
8 Nov 65 
8 Nov 65 
8 Nov 65 
8 Nov 65 

750N-670N 
7SoN-670N 
520N-370N 
520N-370N 
360N-230N 
09ON-1ÜOS 

250S-3ö0S 
190S_360S 
380S-550S 

67oN-50oN 
50ON-37oi\r 

380S-550S 
380S-550S 

750N-670N 
23oN-09ON 

67oN-50oN 
670N-520N 
670N-520N 
ü9ON-08oS 

40^8 

70°^ 

180S-;j60S 

750N-670N 
7S0N-670N 
520N-370N 
S20N-370N 
360N-230N 
30oi-36OS 
180S-360S 

Altitude 

20.1 

7.6 
12.2 

19.8 

18.3 
19.1 
18.3 
19.7 
19.9 
20.1 

16.2 
17.7 
19.4 

16.8 
•16.8 
16.2 
17.7 

16.8 
20.1 

15.2 
18.3 
19.7 
17.4 

12.2 

12.2 

19.9 

18.3 
19.8 
18.3 
19.5 
19.7 
16.2 
17.7 

Nuclide ConeeiiU-atiüriri (pCi/JOO SCM) 

Total   Total   Total    Weapon  SNAP-9A 
S^O    pu239   pu238    pu2§8   pu238 Sr 

277 3.04 

2.86  0.06 
42.6  (2.97) 

415 

442 
380 
L 

229 
307 
240 

61.7 
102 
194 

342 
188 
108 
127 

283 
331 

246 
289 
267 
76.5 

59.9 

173 

261 
164 

(471) 
237 
251 
73 

122 

2.72 

4.82 
4.32 
5.15 
3.23 
5.04 
3.72 

0.979 
1.78 

" 2.46 

3.98 
3.59 
1.70 
2.30 

4.96 
6.26 

3.98 
4.72 
4.56 
1.43 

0.11 

0.00 
(0.10) 

6.23 

0.184 
0.246 
0.165 
0.149 
0.159 
0.083 

0.086 
0.474 
4.75 

0.111 
0.114 
0.273 
2.02 

0.130 
0.157 

0.124 
0.172 
0.178 
0.044 

0.08 0.03 

0-00 o.OO 
(0.08)        (0.02) 

0.07 

0.130 
0.117 
0.139 
0.087 
0.136 
0.100 

0.026 
0.048 
0.066 

6.16 

0.05 
0.13 
0.03 
0.06 
0.02 

<0.01 

0.06 
0.43 
4.68 

0.107 <0.01 
0.097 0.02 
0-046 0.227 
0.062 1.96 

0.134 <0.01 
0.169 <0.01 

0.107 
0.127 
0.123 
0.039 

0.02 
0.04 
0.06 

<0.01 

69.3        0.803 0.052 0.022 0.03 

1.10 0.046 0.030 0.02 

2.80 

4.71 
2.61 

(8.90) 
4.32 
4.56 
1.20 
1.76 

5.20 

0.191 
0.218 

(0.281) 
0.213 
0.134 
0.127 
0.790 

0.076   5.12 

0.127 
0.070 

(0.240) 
0.117 
0.123 
0.032 
0.048 

0.06 
0.15 

(0.04) 
0.10 
0.01 
0.10 
0.74 
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TABLE     9A-1. (continued) 

Collection    Latitude 
Date Range 

SX-7475 
SX-7476 

SX-7477 
SX-7478 
SX-7479 
SX-7481 
SX-7482 

9 Nov 65 
9 Nov 65 

10 Nov 65 
10 Nov 65 
10 Nov 65 
10 Nov 65 
10 Nov 65 

SX-7483 11 Nov 65 
SX-7484 11 Nov 65 
SX-7485 11 Nov 65 
SX-7486 11 Nov 65 

SX-7487 12 Nov 65 
SQ-7491 12 Nov 65 

750N-670N 
380S-550S 

67oN-50ON 
67oN-50ON 
50ON-37oN 
380S-S40S 
390S-540S 

670N-520N 
670N-520N 
08oN-lÜ^S 
07oN-10OS 

23oN-09oN 
23oN-09ON 

SX-7488 27 Nov 65  640N-47oN 

SQ-7533 
SQ-7534 
SQ-7752 
SQ-7535 
SQ-7536 
SQ-7537 

SQ-7538 
SQ-7753 
SQ-7539 
SQ-7754 
SQ-7541 
SQ-7542 
SQ-7543 
SQ-7544 
SQ-7545 
SQ-7546 

SQ-7547 
SQ-7548 

6 
6 
6 
6 
6 
6 

65 
65 

Dec 
Dec 
Dec 65 
Dec 65 
Dec 
Dec 

65 
65 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Dec 65 
Dec 65 
Dec 65 
Dec 
Dec 
Dec 65' 
Dec 65 
Dec 65 
Dec 65 
Dec 65 

65 
65 

9 Dec 65 
9 Dec 65 

SQ-7549 
SQ-7686 

14 Dec 65 
15 Dec 65 

SQ-7687 16 Dec 65 

SQ-7551 
SQ-7552 

22 Dec 65 
22 Dec 65 

520N-370N 
520N-370N 
520N-370N 
360N-230N 
380S-550S 
380S-S50S 

520N-370N 
520N-370N 
520N-370N 
520N-370N 

, 360N-230N 
36^-23^ 
170S-360S 
17oS-380S 
38oS-550S 
380S-510S 

170S-340S 
170S-360S 

70ON 
4S0S 

450S 

550N-480N 
550N-480N 

Altitude 
- Ckm) 

16.8 
19.3 

15.2 
16.8 
16.8 
16.2 
17.7 

18.3 
20.1 
19.1 
20.4 

19.1 
20.3 

1J.9 

15.2 
16.8 
16.8 
17.7 
15.2 
16.8 

18.3 
18.3 
19.2 
19.2 
19.2 
20.0 
16.2 
17.7 
18.3 
18.7 

19.2 
20.2 

12.2 
7.6 

12.2 

11.9 
13.1 

Total 
Sr^0 

■ N^-li<Je Concentrations [BC^IOOJCM^ 

66.1 
145 
146 
140 
37.5 
96.9 

216 
282 
216 
219 
259 
221 
22.4 
95.2 

122 
127 

95.2 
184 

188 
15 

Total 
Pu239 

3.54 
2.40 

3.10 
3.74 

(5.79) 
2.35 
2.26 

4.26 
3.64 
2.42 
3.82 

3.43 
4.44 

Total 
Pu2^« 

0.118 
8.0J 

0.100 
0.122 

(0.211) 
1 .00 
2.64 

0.167 
0.305 
0.060 
0.191 

0.111 
0.156 

Weapon Pugjs^ 

0.096 
0.065 

SNAP-9A 
pu238 

0.02 
7.94 

0.084      0.02 
0.101      0.02 

(0.156) (0.06) 
Ü.U63 0.94 
0-061 2.58 

0.115 0.05 
0.098 0.21 
0.065 <0.01 
0.103 -0.09 

0.093 
0.120 

74.2 1.65 0.056 0.044 

175 
114 

1.35 
2.89 
2.70 
2.58 
0.614 
1.62 

4.34 
4.36 
3.93 
4.18 
5.02 
3.91 
0.415 
1.49 
1.92 
2.10 

1.54 
1.88 

3.34 
0.251 

35.4        0.642 

2.96 
1.86 

0.094 
0.089 
0.09 
0.089 
0.067 
1.17 

0.232 
0.151 
0.205 
0.283 
0,248 
0.566 
0.043 
0.385 
3.20 
3.62 

2.05 
5.64 

0.095 
0.019 

0.068 

0.094 
0.072 

0.036 
0.078 
0.073 
0.070 
0.016 
0.044 

0.117 
0.118 
0.106 
0.113 
0.136 
0.106 
O.Oll 
0.040 
0.052 
0.057 

0.042 
0.051 

0.090 
0.007 

0.02 
0.04 

0.01 

0.06 
0.01 
0.02 
0.02 
0.05 
1.13 

0.12 
0.03 
0.10 
0.17 
0.11 
0.46 
0.03 
0.34 
3.15 
3.56 

2.01 
5.59 

<0.01 
"O.Ol 

0.017      0.05 

0.08 
0.05 
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TAIU.i:   MA-I. 

CuXloction 
S.inipli' Dii t o 

Sq-7S68 I-I .km 66 
81^-756'.' I ■! «Jun mi 
Sy-7S7I II •Km on 

>N-,(i. i 10 •Urn «•(. 

SX-'.^".; 18 .l.m 66 
SX-757S 1^ •Itin Ot» 

SX-7576 I" 'Um i"- 
SX-7ft77 I" .l.m (.«. 

SX-T(i7?» 25 Jan 66 
SX-"i.>>» 'J«. -liiii 66 
SX-7878 .'IU .km itt. 
SX-757'J 30 .luti «»6 

.Sii-?"?.1? .'II >luii 66 

.>'q-7S7"J '»I .Imi 66 

.Si^-TM.'! .'II  .luti 66 
ty-'T-u. :\\  „»üii öd 
SX-'?8l .'II  .Um 66 
SX>7.SK'J .".I Jan 66 

SX-7584 I  Tub oi. 
SX~7B85 I  IVI> 66 
äX>7S8ö I  rob in» 
.SX--?J<T I  IVb 66 
SX-T?.s.s I  IVIi 66 

SX-7F8y 2 I'ob 06 
SX-T5"I 'J Tub 66 

SX-T?'.»*: 3 I'ob 00 
.SX-7?";$ :i Tub 66 

SX-:?"I 5 I'ob 66 
SX-7S"? 5 IVb oo 

(i'iilit illll(.'il) 

batiUula 
Kiinuo 

640N-5;i0N 
5I0N-380N 
5,J0N-370S 

7ÜON 

■r^N-ll^N 
.I70N-.HON 

640N,-550N 
640N-S50N 

350N 
.10«».S 

750N-6'J0N 
750.V-650N 

620>{-SOON 
62oX-50oJ{ 
S';oN-530N 
5«»öN'_5.T'N 

'i6*3X-23gX 
330N-230N 

75«>N-640N 
50ON-37oN 
50ON-33oN 
230X-üy0N 
23oN-09oN 

62oN-50oN 
65oN-50OX 

640N-4y0N 
490N-370N 

6;i0X-S20N 
520N-370X 

Nucllde Concent rail oils (pCi/lOQ SCM) 

Altitude 
(km) 

18.3 
18.3 
18.S 

12.2 

12.2 
13.1 

IJ.M 
13.1 

12.2 
12.2 
18.3 
18.•> 

18.2 
18.2 
l".l 
I'M 
18.3 
J'.».3 

16.8 
18.3 
I'.».(. 
J'».Ü 
20.0 

18.2 
18.8 

15.2 
15.2 

16.8 
16.8 

Total 
Si£0 

242 
201 
207 

41.4 

Total 
Pig 

3.07 
3.51 
3.07 

Ü.737 

Totul 
\\^* 

0.83Ü 
0,293 
0.388 

0.034 

.'ii Wo 
Pii- 

0.107 
0.005 
0.000 

SNAP-9A 
Pu238 

0.72 
0.2U 
0.2«» 

0.020      0.01 

70 l.-M 0.055 0.039 0.02 
177 3.19 0.083 0.086 <0.0I 

08 1.80 0.046 0.040 <0.0| 
144 2.54 Ü.0O6 0.068 ~0.03 

81 1.38 0.041 0.037 <0.01 
15.4 0.247 0.010 0.007 <0.01 

202 3.60 1.05 0.097 "0.95 
227 4.07 1.26 0.110 1.15 

235 4.16 0.938 0.112 0.83 
212 3.47 0.004 0.094 0.90 
255 4.04 1.05 0.109 0.04 
216 3.58 1.10 0.097 1.00 
171 2.77 0.228 0.075 0.15 
150 3.01 0.647 0.081 0.57 

101 2.41 0.057 0.065 <0.01 
184 3.25 0.008 0.088 "0.52 
200 3.02 1.01 O.ObJ 0.03 
126 2.40 0.116 0.065 0.05 
155 2.81 0.115 0.076 0.04 

160 2.89 0.800 0.078 0.82 
100 3.10 1.16 0.084 1.08 

153 2.25 0.136 0.06.1 0.08 
02.2 1.86 0.086 0.050 0.04 

190 4.22 0.750 0.114 0.64 
140 2.20 0.204 0.050 0.14 

SX-7670      8 l'eb 66 ?0oN '»S 1.76 0.084 0.048      0.04 

SX-ToJ- 0 Tub 66 07ON-l3oS LS.ü :{5 0.6.18 0.103 0.017 0.00 
SX-762S " l'eb öo I30S-320S 18.6 63 1.04 1.18 0.028 1.15 

SX-7620 ! 5 l'ob 66 470N-410N 12.7 60 1.37 0.044 U.037 0.01 
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TABLE 9A-1. (continued) 
Wm*     * * 

NuclIdt • Concent rat i (ms (pCi/IOO SCM) 

Collection Latitude AllltuUe Total 
S> 

Hf. 

Ti.i ii 1 Total Wüupon SNAI»-9/ 

Sample Date Range 

640N-550N 

Jkm), 

11.9 

PU23y 

1.93 

pu238 

Ü.U64 

l,U-'»8 

0.052 

hl238 

SX-7632 16 Fob 66 0.01 

SQ-7888 24 Feb 66 3908 12.2 21 0.309 0.179 0.00K 0,17 

SX-7634 27 Feb 66 750N-620N 18.3 224 2.8,1 2.15 0.076 2.07 

SX-763S 27 Feb 66 750N-680N 18.6 155 2.7'^ l.dl 0.075 1.54 

SX-7636 28 Feb 66 62oN-50ON 18.3 161 2.'iH 0.8K7 0.080 0.81 

SX-7637 28 Feb 66 650N-5ÜON 19.7 187 2.78 1.28 0.074 1.21 
SX-7638 28 Feb 66 360N-230N 18.3 188 3.U7 0.857 0.083 0.77 
SX-7639 28 Fob 66 360N-230N 19.8 156 2.92 0.783 0.079 0.70 
Sq.7659 28 Feb 66 23ON-09ON 18.3 46 0.664 0.0.J3 0.018 0.02 

SX-7641 28 Fob 66 23ON-09ON 19.7 161 2.67 0.228 •1.072 O.lo 

SX-7642 1 Mar 66 750N-640N 15.2 186 3.29 0.735 0.089 0.05 
SX-7643 1 Nor 66 750N-640N 16.8 182 3.03 2.40 0.082 2.32 
SX-7644 1 Mar 66 14<>S-3l0S 18.3 46 0.771 0.508 0.021 0.49 

SX-7645 1 Mar 66 140S-330S 20.1 101 1.66 4.45 0.045 4.40 

SX-7646 2 Nar 66 640IM80N 15.2 145 2.34 0.300 0.063 0.24 
SX-7647 2 Mar 66 480N-37oN 15.2 135 2.54 0.492 0.068 0.42 
SX-7648 2 Mar 66 50ON-37oN 18.3 153 3.35 0.674 0.090 0.58 
SX.7649 2 Mar 66 50ON-37ON 19.5 203 3.15 3.41 0.0K5 1.32 

SX-7651 3 Mar 66 350S-540S 15.2 SO 0.806 0.861 0.022 0.84 
SX-7652 U Mar 66 330S-540S 16.8 83 1.35 2.52 0.037 2.48 

SX-7661 4 Mar 66 07oN-10OS 18.3 48 0.834 0.099 0.022 0.08 

SX-7653 4 Mar 66 09ON-10OS 19.4 64 1.17 0.12'^ 0.032 0.10 
SX-76S4 4 Mar 66 350S-550S 18.3 108 1.60 6.66 0.043 6.62 
SX-7655 4 Mar 66 34oS-540S 19.3 100 1.47 8.35 0.040 8.31 

SX-7656 6 Mar 66 640N-490N 16.8 146 3.00 1.82 0.083 1.74 
SX-7657 6 Mar 66 490N-370N 16.8 117 2.49 0.347 0.067 0.28 

SX-7658 7 Mar 66 350N-260N 16.8 114 2.10 0.157 0.057 0.10 

SX-7662 15 Mar 66 640N-520N 11.9 106 2.00 0.098 0.054 0.04 

SQ-7664 17 Mar 66 460N-370N 11.9 107 1.94 0.099 0.052 0.05 
SQ-7665 17 Mar 66 460N-430N 13.1 243 4.12 0.409 0.1.1.1. 0.30 
SQ-7666 17 Mar 66 430N-370N 13.1 40.5 0.733 0.043 0.020 0.02 
SQ-7889 23 Mar 66 70ON 12.2 132 2.38 0.122 0.064 0.0(. 
SQ-7689 27 Mar 66 750N-640N 15.2 153 2.80 0.861 0.076 0.78 
SQ-7691 27 Mar 66 750N-.640N 16.8 185 3.28 1.18 0.088 1 .09 
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TAlfl.i;    OA-I.     (cuntUiutid) 
NucHjie Cunct'iitruihinw (pCi/lüU SCM) 

Cnl k'i'tlou I.U1 ilii.lc Altitude 'VotÜ 

3.22 

Totti 1 Wt'iipuii 
publj 

0.087 

SNAP-9A 
Sumiili' iKHf 

80oN-37ON 

(km) 

18.3 

Sr90 

182 

pu23S pu238 

S(^7(i"'J 28 Mur in. 0.894 0.81 
St^7(.":i "Jfi  M.ll'  (id 5l^X.;;7f>N 19.8 167 2. "8 1.72 0.080 1.64 
SQ-Tf*'»-! 'Jh  Mjf tin 2.'loX-0,ioi\ 18.3 52.5 O.'IHI 0.081 0.026 0.0(. 
S»Q-7iVJS •JS Mar (.(• 2üoN-0yoN iy.8 128 2.59 0.208 0.070 0.14 
.S^-7o"i. 28 Mur «•<• .'i50S-5.|0S 15.2 52.9 0.918 1.47 0.025 1.44 
.*;i^7«i,i7 'JS M.ir iid ;ia'3s-5.HS Id.8 46.7 0.782 0.977 0.021 0.96 

Slj-'/t't^H •J" Mur 66 7 |MN-<i.MaN' 18.3 175 3.52 1.54 0.095 1.44 
Si^-"«.'»" •J'» Mjr 66 740X-670N 19.2 160 3.15 1.51 0.085 1.42 
S'^-7"i»l •J" M.ir 66 .•ici,,x-2.,;0\ 18.3 146 2.73 0.701 0.074 0.63 
Sli-770'J •J'1 M.ir 66 360N-2a0N 19.2 165 3.21 0.937 0.087 0.85 

S^-77ü;I .'JÜ M.ir 66 260S-330S 16.8 54.6 0.843 0.61.1 0.023 0.59 
,S^-77t».| ;iü Mur 66 I40S-3I0S 18.3 46. Ü 0.735 0.806 0.020 0.79 

jji^-77U.:« :tl M.ir 66 620N-520N 18.3 167 3.31 1.44 0.089 1.35 
^-7700 ai Miir 66 640.N,-520N 19.2 166 2.89 1.93 0.078 1.85 

SX-7Ö8I 1'2 Ajir 66 470X-4I0N 11.9 62.3 1.27 0.062 0.034 0.03 
SX-768'J I'J Apr 66 470N-4I0N 13.1 108 1.84 0.230 0.050 0.18 

SX~768ä l;j Apr 66 640N,-5S0N 11.9 43.U 0.803 0.108 0.022 0.09 
>.\-7<.8.| l:i Apr 66 640N-S50N 13.1 26.9 0.496 0.057 0.013 0.04 

SX-7685 M Apr 66 550N-470N 13.1 50.6 0.952 0.087 0.026 0.06 

Sq-77Ü7 1? Apr 66 4J0N-350N 13.1 47.6 0.842 0.061 0.023 0.04 
SX-7885 1" Apr 66 750N 12.2 88.2 .1.41 0.287 0.038 0.25 
Sr-78"0 I'J Apr 66 1OON 4.6 1.78 0.041 0.004 0.001 <O.Ül 
SX-7758 •J-l Apr (Ki 640N-490N 16.8 ,133 2.55 0.620 0.069 "0.55 
SX-7757 24 Apr 66 4yox-a7oN 16.8 1.15 2.06 0.584 0.056 0.53 

SX-775'.i 'J? Apr 66 5U0X-;i70X IS.3 160 3.23 1.04 0.087 0.95 
S.\'-77oI 'JS Apr 66 50oN-a7ON 19.5 175 2.97 1.23 0.080 1.15 
SX-776^ 25 Apr 66 36.0N-230N is.;{ 88.2 1.38 O.l'H 0.037 0.16 
S.\'-77t^.,! 25  \pr 66 360N-230N 1.9.8 160 2.70 0.598 0.073 0.52 

SX-7764 26 Apr (K. 7S0N-.640N 1.5.2 163 :.>,89 1.04 0.078 0.96 
SX-77öS 26 Apr dc 750N-640N .16.8 149 2.77 1.10 0.075 1.02 
SX-77ö(i 26 Apr od 36oN-30ON 15.2 12.1 2.49 0.592 0.067 0.52 

SX-7767 27 Apr 66 750N-620N 1.8.3 344 2.88 ,1 .35 0.078 1.27 
SX-776S 27 Apr od 750N-650N I'M L39 2.79 1.73 0.075 1.66 
SX-776,J 2 7 Apr 66 07oN-lloS 18.3 20.9 Ü.348 0.201 0.009 0.19 
SX-777.1 27 Apr 66 09ON-11OS 19.6 82.8 1.59 0.184 0.043 0.14 
SX-777'J 27 Apr 66 ;550S-540S 15.2 36.3 0.518 0.714 0.014 0.70 
SX-7773 27 Apr 66 330S-540S :I6.8 72.8 1.08 2.77 0.029 2.74 
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TABLE 9A-1. (continued] 

Nuclide Concentrat ons (])('_ i/lüü SCM) 

Collec tion Latitutle Altitude Total Total Total Weapon SNAI'-'i 
Sample 

SX-7774 

Date Runge 

620N-550N 

(km) 

18.3 

Sr90 

1.29 

pu239 

2.1-1 

lJu238 

3.42 

,.„238 

28 Apr 66 0.058 3.3(> 
SX-7775 28 Apr 66 620N-560N 19.2 147 2.38 2.03 0.()i)4 1.97 

SX-7886 17 Hoy 66 70ON 12.2 91.5 l.'J8 0.252 0,053 0.20 

S(i-7891 19 May 66 40OS 12.2 22.4 0.383 0.523 0.010 0.51 
SQ-7797 25 Nay 66 360N-230N 15.2 17.8 0.247 0.038 0.007 0.03 

SQ-7798 27 May 6f 07oN-09OS 16.8 7.3 0.308 0,007 0.003 • tl.Ol 

SQ-779y 27 May Ud J30S-320S 18.3 50.9 0.820 1.56 0.022 "1.54 

S<i-78ül 28 May 66 640N-490N 16.8 99.3 1.83 0.611 0.040 0.56 

SQ.7802 28 May 66 490N-370N 16.8 83.7 1.22 0.408 •».033 0.38 

SQ-7803 28 May 66 320N-260N 17.5 97.0 I.3H 0.352 0.037 0.32 

SQ.7804 28 May 66 26oN-09ON 18.3 86.1 1.33 0.389 0.036 0.35 

' ■ 

SQ.780S 30 May 66 610N-490N 18.3 123 1.86 0.926 0.050 0.88 

SQ.7806 30 May 66 490N-370N 18.2 152 1.97 0.823 0.053 0.77 

SX-7887 2 «hm 66 70ON 12.2 99 1.78 0.190 0.048 0.14 
• • SQ-78Ü7 2 Jun 66 640N-S50N 15.2 109 1.53 0.653 0.04 t 0.6J 

Sq-7808 2 Jun 66 550N-430N 15.2 112 1.48 0.473 0.040 0.43 
SQ-7809 2 Jun 66 430N-370N 15.2 54 1.96 0.787 0.053 0.73 

. . 
80-7811 3 Jun 66 350N-270N 16.8 19.1 0.275 0.047 0.007 0.04 

• - SQ-7812 3 Jun 66 27ON-20ON 16.8 36.7 0.487 0.082 0.013 0.07 
SQ-7813 3 Jun 66 20ON-10ON 16.7 12.8 0.194 0.037 0.005 0.0.1 

■ • 
SQ-7814 4 Jun 66 350N-230N 18.8 149 2.20 0.855 0.059 0.80 

SQ-7815 4 Jun 66 230N-190N 18.4 89.1 1.33 0.275 0.035 0.24 
- • SQ-7816 4 Jun 66 190N-120N 18.2 66.4 .1.01 0.182 0.027 0.16 

- . 
SQ-7817 5 Jun 66 640N-490N 15.2 46.9 0.738 0.163 0.020 0.14 

• SQ-7818 5 Jun 66 490N-370N 15.2 71.2 1.08 0.313 0.029 O.ltt 

- .■ SQ-7858 10 Jun 66 640N-490N 16.8 91 .8 1 .49 0.602 0.040 0.50 
SQ-7859 10 Jun 66 490N-370N 16.8 90.0 1.59 0.596 0.043 0.55 

• • 
SQ-7861 10 Jun 66 360N-230N 16.8 34.9 0.477 0.085 0.013 0.07 

* . SQ-7862 10 Jun 66 330N-230N 18.3 103 1.66 0.644 0.045 0.60 
SQ-7863 10 Jun 66 23oN-10oN 16.8 25.1 0.407 0,075 O.OIJ 0.06 

-■ SQ-7864 10 Jun 66 230N-lÜ0N 18.3 71.0 1.17 0.254 0.032 0.22 

SQ-7865 14 Jun 66 340N-230N 19.8 120 2.23 1 .09 0.060 1 .03 

«• m SX-7836 14 Jun 66 230N-120N 19.2 144 2.05 0.420 0.055 0.36 
SQ-7866 H Jun 66 07oN-09cS 16.8 4.8 0.070 0.01 J 0.002 0.01 

- ■ SX-7837 14 Jun 66 130S-320S 18.3 70.3 0.947 2.84 0.026 2.8.1 

M « 
SQ-7867 15 Jun 66 640N-490N 15.2 110 1.62 0.697 0.044 0.65 
SQ-7868 15 Jun 66 490N-370N 15.2 41.2 0.6.16 0.158 0.017 0.14 

IA 
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ISOTOPES 
A Teledyne Company 

TABU: 9A- I. (continued] 
Nuclide Concentratiom i (pCi/100 SCM) 

Sample.1 
Collection 

Date 
Latitude 

Riinjjo 

08ON-09OS 

17OS-30OS 

Altitude 
(km) 

18.3 
16.9 

61.2 
18.0 

0.692 
0.303 

0.131 
0.427 

0.019 
0.008 

SNAP^ 
pu238 

SX-7«a8 
SQ-7869 

17 
17 

Jun 
Jun 

66 ü.ll 
0.42 

Sg-7871 
SQ-7872 

IK Jun 
Jun 66 

360N-190N 
L90N-iOON 

15.2 
15.2 

18.1 
6.5 

0.319 
Ü.U6 

0.048 
0.005 

0.009 
0.003 

0.04 
<0.01 

»-7839 

SX-7841 
21 
21 

Jun 
Jun 

(It! 

«It« 

.Sü^N-370N 
50o.V-37ON 

13.3 
19.2 

152 
160 

2.29 
2.35 

1.16 
1.29 

0.062 
0.063 

1.10 
1.23 

SX-7842 
SX-784a 
SX-7844 
SX-784S 

22 
•J'J 
22 
22 

Jun 
Jun 
Jun 
Jun 

66 
on 
66 
66 

64Ö.S,-4"ÖN 
490N-370N 
360N-230N 
360N-230N 

16.8 
L6.8 
18.3 
19.6 

200 
231 
160 
183 

3.68 
3.87 
2.19 
2.94 

1 .'59 
1.52 
0.883 
1.32 

0.099 
0.104 
0.059 
0.079 

1.49 
1.42 
0.82 
1.24 

SX-784«. 
SX-7847 

24 Jun 
24 Jun 

66 
(i6 

640N-460N 
360N-lt>0N 

15.2 
16.8 

110 
65.5 

1.90 
0.969 

0.632 
0.220 

0.051 
0.026 

0.58 
0.19 

SX-7848 
SX-7849 
SX-7851 
SX-785*2 

25 Jun 
25 Jun 
25 Jun 
25 Jun 

66 
66 
66 
66 

640N-490N 
490N-370N 
360N-230N 
23oN-09"N 

15.2 
15.2 
15.2 
15.2 

96.7 
83.2 
20.9 
18.0 

1.48 
1.21 
0.298 
0.335 

0.467 
0.677 
0.047 
0.023 

0.040 
0.033 
0.008 
0.009 

0.42 
0.64 ' 
0.04 
0.01 

SX-7853 
SX-7854 
SX-7855 

26 
26 
26 

Jun 
Jun 
Jun 

66 
66 
66 

360N-230N 
23oN-09ON 
07ON-09OS 

16.6 
16.8 
16.8 

80.9 
36.5 
4.54 

1.23 
0.S86 
0.061 

0.336 
0.108 
0.017 

0.033 
0.016 
0.002 

0.30 
0.09 
0.02 

SX-7856 
SX-7857 

30 Jun 
30 Jun 

66 
66 

350N-230N 
23oM-10oN 

18.3 
18.3 

142 
93.7 

2.31 
1.52 

0.892 
0.368 

0.062 
0.041 

0.83 
0.33 

SQ-7908 
SX-8199 
SQ-7909 

8 
12 
17 

Jul 
Jul 
Jul 

66 
66 
66 

640N-470N 
75oN-70ON 

64oN-50oN 

13.1 
12.2 
19.3 

55.0 
44.6 

129 

1.03 
0.93 
2.42 

0.198 
0.14 
1.61 

0.028 
0.02 
0.065 

0.17 
0.12 
1.54 

SQ-7916 
SQ-7917 
SQ-7'>11 
SQ-7912 

18 
18 
18 
18 

Jul 
Jul 
Jul 
Jul 

66 
66 
66 
66 

50ON-37oN 
23oN-09oN 
350S-540S 
350S-540S 

39.5 
19.4 
15.2 
16.8 

183 
130 
59.9 
88.4 

2.71 
2.27 
1.03 
1.50 

1.79 
0.392 
3.65 
S.21 

0.073 
0.061 
0.028 
0.040 

1.72 
0.33 
3.62 
5.17 

SQ-7913 19 Jul 66 140S--330S 19.7 94.2 1.69 2.14 0.046 2.09 

SQ-7914 
SQ-7918 

20 
20 

JllJ 
Jul 

66 
66 

640N-49ÜN 
360N-230N 

16.8 
.19.3 

123 
151 

2.23 
2.53 

0.862 
1.16 

0.060 
0.068 

0.80 
1.09 

SQ-7915 
SQ-8232 

21 
25 

Jul 
Jul 

66 
66 

07oN-06oS 
40OS-44oS 

19.5 
12.2 

134 
14.8 

2.46 
0.315 

0.413 
0.52;:! 

0.066 
0.008 

0.35 
0.52 
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ISOTOPES 
A Telcdyne Company 

TABLE   9A-1. 

Collection 
Sample  Date 

SX-7969 1 Aug 66 
SX-79S7 1 Aug 66 

SX.79S9 14 Aug 66 
SX-7961 14 Aug 66 
SX.7972 14 Aug 66 

SX-7973 IS Aug 66 
SX-7974 15 Aug 66 
SX-797S 15 Aug 66 
SX-7962 15 Aug 66 
SX-7963 15 Aug 66 

SX-7976 16 Aug 66 
SX-7964 16 Aug 66 
SQ.8143 16 Aug 66 
SX-7977 16 Aug 66 

. SX-7S-7S 16 Aug 66 
SX-797« ^7 Aug 66 
SX-7981 17 Aug 66 

• • SX-7965 17 Aug 66 

■ • 

SX-7982 17 Aug 66 

« • SX-7966 18 Aug 66 
SX-7983 18 Aug 66 
SX-7984 18 Aug 66 
SX-7985 18 Aug 66 
SX-7967 18 Aug 66 

SX-7968 19 Aug 66 
SX-7986 19 Aug 66 
SX-8201 23 Aug 66 
SX-7987 31 Aug 66 
SX-7988 31 Aug 66 

SQ-8126 9 Oct 66 
SQ-8127 9 Oct 66 
SQ-8128 9 Oct 66 
SQ-8129 9 Oct 66 

(continued) 

latitude 
Range 

08ON-13oS 
13oS-30OS 

Nuclidc Conountr.it IHIIH (pC!/100 SCM) 

SX-7971 2 Aug 66  64ON-S0ON 

SX-7958 4 Aug 66  640N-44nN 

640N-37«N 
620N-5üON 
64oN-50ON 

360N-160N 
360N-230N 
360N-230N 
430S-S40S 
330S-530S 

750N-620N 
750N-650N 
750N-650M 
50ON-37ON 
50ON-37oN 
750N-640N 
750N-640N 
14oS-30OS 
140S-330S 

64oN-40ON 
23oN-09ON 
23ON-09ON 
360S-520S 
330S-520S 

07ON-lloS 
Ü90N-110S 
7SoN-70ON 
330N-260N 
26<»N-10ON 

350S-540S 
330S-540S 
36oS-510S 
330S-510S 

Altitude 
JJcmL. 

16.8 
16.8 

13.1 

11.9 

16.8 
18.3 
19.4 

15.2 
18.3 
19.6 
15.2 
16.8 

18.3 
19.2 
19.2 
18.3 
19.6 
15.2 
16.8 
18.3 
19.9 

15.2 
18.3 
19.2 
18.3 
19.7 

18.3 
19.3 
12.2 
16.8 
.16.8 

15.2 
16.8 
18.? 
19.3 

1^ 
13 
29 

52 

34.9 

106 
165 
105 

14 
122 
137 
73 
80 

149 
133 
118 
145 
147 

96 
135 

83 
108 

46 
87 

115 
89 
80 

69 
126 
29.7 
52 
19 

59 
77 
73 
96 

Total 

MÜ2 
0.224 
0.460 

1.10 

0.494 

1.96 
2.73 
2.24 

0.268 
2.22 
2.50 
1.19 
1.32 

2.52 
2.90 
3.89 
2.47 
2.64 
1.76 
2.54 
1.14 
1.94 

0.983 
1.57 
2.00 
1.40 
1.34 

1.36 
2.26 
0.537 
0.834 
0.323 

0.972 
1.37 
1.27 
2.11 

Tut ill 
PujgB 

Ü.IIJ 
1.00 

0.251 

0.1 OS 

0.6(iO 
1.51 
1.79 

0.055 
0.729 
1.06 
3.9H 
4.11 

1.56 
8.00 
1.7H 
1.07 
1.60 
0.600 
1.09 
0.953 
4.46 

0.270 
0.356 
0.544 
4.82 
'5.37 

0.410 
0.549 
0.096 
0..LS3 
0.054 

3.39 
3.42 
4.53 

Ü.OOl'i 

0.012 

0,030 

0.013 

0.053 
0.074 
O.üdO 

0.007 
0.060 
0.068 
0.032 
0.036 

0.068 
0.078 
0.105 
0.067 
0.071 
0.04« 
O.OOH 
0.031 
0.052 

0.026 
0.042 
0.054 
0.038 
0.036 

0.037 
0.061 
0.014 
0.022 
0.009 

0.026 
0.037 
0.034 
0.057 

SNAP-9A 
Pig 

0.10 
0.99 

0.22 

0.09 

0.6J 
1.44 
1.73 

0.05 
0.67 
0.99 
3.95 
4.07 

1.49 
7.92 
1.68 
1.00 
1.53 
0.55 
1.02 
0,92 
4.41 

0.24 
0.31 
0.49 
4.78 
3.33 

0.37 
0.49 
O.OH 
0.16 
0.04 

2.29 
3.35 
3.39 
4.47 
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ISOTOPES 
A Teledyne Company 

TABU; 9A-1. U'ontinued) 
Nuclide Concent rations (pCi/100 SCN) 

Collect ion latitude Altitude Total Total Total Wcauon 
Pu238 

0.049 

SNAP-9A 
Sample O.i tf Katiuc 

350N-230N 

(km) 

18.3 

Sr90 

111 

l»u239 

1.82 0.629 

Pu238 

SQ-H102 10 Oct 66 0.58 
Sq.8103 It» Oct (.(. 350N-230N 19.8 142 2.05 1.17 0.055 1.12 
SQ-800H 10 Ocl 66 Ü90N-10oS 20.1 127 2.11 0.944 0.057 0.89 
SQ-8131 10 Oct (id U0S-320S 19.5 88 1.59 4.32 0.043 4.28 

SQ-8104 11 Oct «.(i 50ON-37oN J8.3 149 2.22 1.19 0.060 1.13 
sg-Hios 11 Oct 66 S0ON-37ON 19.6 146 2.18 1.77 0.0S9 1.71 
SQ-HlOl 11 Oct en» yoN-3l0S 18.3 67 0.943 0.658 0.025 0.63 
SQ-HO«»'» 11 Oct tin 110.S-270S 18.3 65 0.960 1.98 0.026 1.95 

SQ-HlOo 12 Oct '»0 .SOON'-a?^ 15.2 45 0. »39 0.157 0.017 0.14 
SQ-8107 12 Oct 66 50ON-37ON 16.8 85 1  33 0.412 0.036 0.38 

SQ-8108 13 Oct 00 30oN-0'»oN 15.2 1.08 0.037 0.024 0.001 0.02 
SQ-8L09 13 Oct 66 360N-2S0N 16.8 20 0.337 0.105 0.011 0.09 
SQ-HUJ 13 Oct 66 25ON-09ON 16.8 10 0.169 0.046 0.004 0.04 
SQ-8U2 13 Oct 00 360N-230N 18.3 94 1.56 0.520 0.042 0.48 
SQ-8U3 13 Oct 66 23oN-09ON 18.3 95 1.69 0.631 0.046 0.58 
SQ-8114 13 Oct 66 36oN'-09oN 19.6 104 1.68 0.764 0.045 0.72 

SQ-8144 26 Oct 66  640N-550N  13.1 

SQ-8115 27 Oct 66  09ON.07OS  16.8 
SQ-8116 27 Oct 66  150S-3l0S  16.8 

SQ-8145 28 Oct 66 

SQ-8I40 10 Nov 66 
SQ-8147 10 Nov 66 
SQ-8148 10 Nov 60 

SQ-8149 11 Nov 66 
SQ-8151 11 Nov 66 
Sq-8152 11  Nov 66 
SQ-8153 11   Nov 66 

SQ-8.I56 12 Nov 66 
SQ-8157 12 Nov 66 
SQ-81S4 12 Nov 66 
SQ-8155 12 Nov 66 

SQ-8158 13 Nuv 66 
SQ-8159 13 Nov 66 

SQ-8I6.I 15  Nov  66 

11 
50 

0.762 

0.215 
0.802 

0.225 

0.144 
1.76 

0.020 

0.006 
0.022 

0.20 

0.14 
1.74 

640N-550N 11.9 18 0.346 0.078 0.009 0.07 .. 

750N-6I0N 18.2 96 2.07 1.75 0.056 1.69 • 
750N-640N 19.3 90 2.02 2.12 0.054 2.07 
130S-:{20S l»^.3 63 1.43 2.10 0.039 2.06 m m 

750N-640N 15.2 100 2.07 0.817 0.056 0.76 
*. 

750N-640N I0.8 127 2.51 1.58 0.068 1.51 <■• 

350S-540S 15.2 54 0.799 2.12 0.022 2.10 
330S-540S 16.8 37 Ü.758 1.49. 0.020 1.47 

• 

340s-540S 7.6 0. 61 Ü.026 0.027 0.001 0.03 
<* •« 

330S-.SÜ0S 9.1' 1. 2 0.044 0.036 0.001 0.04 
■   ■ 

360S-540S 18.3 65 1.12 3.22 0.030 3.19 
330S-540S 19.8 58 0.915 2.82 0.025 2.80 

;J5ÜN-220N 19.6 125 2.25 1.27 0.061 1.21 
08oN-10oS 19.2 69 1.36 0.624 0.037 0.59 

36oN-10oN 9.4 0. 14 0.008 0.001 ^m <0.01 
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1S0T0PUS 
A To'l.«lyne Company 

TABU. 9A-lt (continued) 
Nucllde   ; wiceiitrmiou.-: (pCi/l'X) SCM) 

Collection 
Date 

Latitude 
Kan lie 

640N-550N 
640N-550N 

Altitude 
(km) 

11.9 
13.1 

Total 
Sr'O 

12 
34 

ToU 

0.212 
0.664 

Total 
pu238 

0.052 
0.1R4 

Weapon 
PU25R 

SNAP-'.iA 
IV238 

Sainolc 
0.006 
0.018 SQ-8229 

SQ-H231 
22 Nov 66 
22 Nov 66 

0.05 
0.17 

SX-8202 
SX.H203 
SX-8221 
SX-8222 

4 Dec 66 
4 Dec 66 
4 Dec 66 
4 Dec 66 

35oN-10ON 
35oN-09oN 
340N-220N 
22oN-10ON 

7.5 
16.8 
18.3 
19.9 

0.18 
11.4 
82. 
112 

0.006 
0.262 
1.38 
2.02 

0.003 
Ü.0ß4 
0.560 
1.06 

0.000 
0.007 
0.037 
0.054 

<0.0l 
"O.OH 
0.52 
1.01 

SX-82Ü4 5 Dec 66 640N-370N 16.8 63 1.64 0.928 
1.24 
0.051 

O.U44 
0.050 
0.004 

0.88 
1 1'» 

SX-8223 
SX-820S 

S Mc 66 
5 Dec 66 

640N-370N 
35oN-09<)N 

18.2 
15.2 

97 
6.5 

1.86 
0.159 

i. i • 

0.05 

SX-8206 
SX-8207 

6 Dec 66 
6 Dec 66 

07oN-12oS 
140S-320S 

16.8 
19.4 

9.2 
55. 

0.174 
1.17 

0.250 
2.67 

0.005 
0.032 

0.24 
2.64 

SX-82Ü8 7 Dec 66 750N-640N 15.2 112 2.38 
1.22 
1.68 
1.24 
0.028 
0.866 
0.730 

1.41 
1.27 
1.69 
1.59 
0.034 
1.45 
1.82 

0.064 
0.033 
0.045 
0.033 
Ü.00J 
0.023 
0.020 

1.35 
1.24 

SX-8224 
SX-822S 
SX-8226 
SX-8209 
SX-8211 
SX-P212 

7 Dec 66 
7 Dec 66 
7 Dec 66 
7 Dec 66 
7 Dec 66 
7 Dec 66 

75«N-640N 
750N-620N 
750N-650N 
340S-540S 
350S-Rl0S 
340S-510S 

16.8 
18.3 
19.2 
7.6 
15.2 
16.8 

86 
100 
69 
1.0 

33 
40 

1.64 
1.56 
0.03 
1.43 
1.80 

SX-8213 
SX-62i4 
SX-8215 

8 Dec 66 
8 Dec 66 
8 Dec 66 

640N-360N 
360S-510S 
340S-510S 

15.2 
18.3 
19.4 

76 
68 
58 

1.36 
1.19 
1.15 

0.719 
3.46 
4.10 

Ü.037 
0.032 
0.031 

0.68 
3.43 
4.07 

SX-8228 
SX-8227 
SX-8218 
SX-8219 

9 Dec 66 
9 Dec 66 
9 Dec 66 
9 Dec 66 

350N-220N 
22oN-09oN 
08oN-10OS 
08oN-09oS 

19.4 
18.3 
18.3 
19.4 

105 

35 
70 

2.00 
0.926 
0.857 
1.50 

1.21 
0.325 
0.511 
0.734 
0.092 
0.364 

0.054 
0.025 
0.023 
0.040 
O.OÜ*' 

1.16 
0.30 
O^" 
0.69 
0.09 

SX-8216 
SX-8217 

9 Dec 66 
9 Dec 66 

110S-310S 
11OS-30OS 

15.2 
16.8 

2.9 
12.1 

0.Ü86 
0.311 

\l  • V'V/a. 

0.00« 0.36 

SX-8253 
SX-8254 

19 Dec 66 
19 Dec 66 

640N-550N 
640N-550N 

11.9 
13.1 

12.8 
14.1 

0.322 
0.355 

0.1.12 
ü. 143 

0.009 
0.010 

0.10 
0.13 
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ISOTOPES 
A Teledy ne Company 

TABU1.     ' JA-1. (continued) 1 
Nuclide Concentrat ions (pCi/100 SCH) 

Colled Lion Latitude Altitude Total Total Total Weapon 
Pu-,38 

0.04 

SNAfc9A 
Pu238 Sumple Da tu Ranüti 

64ÜN-370N 

(km) 

16.8 

Sr90 

61.4 

Pu239 

1.60 

Pu23ö 

1.03 SQ-8255 2 Jan 67 0.99 

SQ-825Ö 3 Jan (.7 610N-37oN 15.2 43.8 0.938 0.870 0.02 0.85 

S(^8'J61 4 Jan 67 750N-640N 19.4 89.9 1.63 1.60 0.04 1.S4 
SQ-8257 4 Jan 67 OS^N-IOOS 19.7 72.3 2.42 1.49 0.06 1.43 
sg-s'jo'j 4 Jan 67 3SOS-530S 15.2 36.2 1.04 1.80 0.03 1.77 
SQ-8263 4 Jan 67 340S-.S30S 16.8 55.0 0.890 2.84 0.02 2.82 

SQ-8264 5 Jan (.7 620N-510N 18.3 93.7 1.70 1.38 0.04 1.34 
Sg-8265 5 Jan 67 640N.5l0N 19.4 78.2 1.85 1.65 0.05 1.60 
SQ.8326 S Jan 67 350N.220N 19.9 81.4 1.64 1.37 0.04 1.33 
SQ-8266 5 Jan 67 22oN-0'.»ON 20.3 103 1.59 0.548 0.04 0.51 
SQ-8258 S Jan 67 35oS-50OS 18.3 52.0 1.18 4.03 0.03 4.00 
SQ-8267 5 Jan 67 340S-5üOS 19.5 67.4 1.24 4.14 0.03 4.11 

SQ-825y 6 Jan 67 140S-330S 18.3 25.3 0.624 1.41 0.02 1.39 

SQ-83r.! 20 Jan 67 640N-440N 11.9 27.4 0.950 0.396 0.02 0.38 
SQ-8313 20 Jan 67 64oN-40oN 1.3.1 47.9 1.47 0.747 0.04 0.71 

Sq-8314 29 Jan 67 140S-310S 18.3 28.3 0.649 (0.348) 0.02 (0.33) 
SQ.8315 29 Jan 67 140S-320S 19.9 36.9 1.20 3.90 0.03 3.87 
SQ-8431 29 Jan 67 J40S-310S 18.3 26.6 0.563 1.69 0.02 1.67 
SQ-82y8 30 Jan o7 64oN-50ON 18.3 56.6 1.60 1.59 0.04 1.55 
SQ-8309 30 Jan 67 640N-520N 18.9 62.1 1.56 1.65 0.04 1.61 
Sq-830i 30 Jan 67 .S0ON-37ON 15.2 19.4 0.526 0.309 0.01 0.30 
SQ-83l(. 30 Jan 67 350S-520S 18.3 37.4 1.02 2.87 0.03 2.84- 
SQ-8317 30 Jan 67 340S-520S 19.5 45.5 1.11 4.00 0.03 3.97 
SQ-8301 30 Jan 67 50ON-38oN 16.8 88.5 2.13   . 1.24 0.06 1.18 
SQ-8318 31 Jan 67 350S-520S 15.2 28.8 0.582 1.46 0.02 1.44- 
SQ-831" 31 Jan 67 340S-520S 16.8 61.0 0.849 2.56 0.02 2.54 

SQ-8302 .1 Feb 67 750N-640\r 15.2 62.0 1.67 1.52 0.04 1.48 
SQ-8303 1 Feb 67 750N,-640N 16.8 47.8 1.29 1.81 0.03 1.78 
SQ-8321 1 Feb 67 640N-550^, 15.2 52.5 1.71 1.01 0.05 .96 
SQ-8322 1 Feb 67 50oN-36oN 18.3 84.4 1.94 1.62 0.05 1.57 
SQ-830.} 1  Feb 67 osoN-oyos 16.8 2.56 0.072 0.080 0.00 0.08 
SQ-8305 1 Feb 67 08ON'-:LüOS 19.2 54.7 1.38 1.60 0.04 1.56 

SQ-8306 1   Feb 67 1 IOS-;J,IOS lü.fc 6.^2 O.I'M. 0.347 0.0J 0.34 

SQ-8307 2  Fob (>" Of^^-V'^'i U.3 38..1 1 .00 1,07 0.03 1.04 
SQ-8308 2  Feb 07 ll0S-3l0S Ir.L' 0.857 0.034 0.053 0.00 0.05 
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TABLE       9A-X. 

Sample 

SQ.8323 
SQ.8327 
SQ-8S24 
SQ-8S2S 
SQ-8432 
SQ-8433 
SX-83S4 
SX-8335 

SX.8343 

SX-B338 
SX-8339 
SX-835S 
SX-8S56 
SX-8344 

SX-8336 
SX-8337 
SX-8341 
SX-8342 

SX-834« 
SX-8346 
SX-8347 
SX-8348 
SX-8349 

SX-83S7 
SX-8353 
SX-83S1 
SX-8352 

SX-83S8 

SX-8374 

SX-8375 

SQ-8385 
SQ-8386 

SQ-8376 
SQ-8378 

Collection 
Date 

(continued) 

Latitude   Altitude 
Range (km) 

Nuclide ConcouU-alions (pCi/lQO SCM) 

Total       Total       Total       Weapon     SNAP-9A 
pu23y        Pu238        Pugjg        Pu23B 90 

3 
3 
3 
3 
3 
3 

27 
28 

Feb 67 
Feb 67 
Feb 67 
Feb 67 
Feb 67 
Feb 67 
Feb 67 
Feb 67 

63oN-50ON 
470N-350N 
35ON-10ON 
35ON-10ON 
63oN-S0ON 
470N_350N 
21ON-10ON 
640N-370N 

2 Mar 67 
2 Mar 67 
2 Mar 67 
2 Mar 67 
2 Mar 67 

3 Mar 67 
3 Mar 67 
3 Mar 67 
3 Mar 67 

4 Mar 67 
4 Mar 67 
4 Mar 67 
4 Mar 
4 Mar 

67 
67 

6 Mar 67 
6 Mar 67 
6 Mar 67 
6 Mar 67 

8 Mar 67 

16 Mar 67 

17 Mar 67 

26 Mar 67 
26 Mar 67 

27 Mar 67 
27 Mar 67 

750N-640N 
750N-640N 
50ON-37ON 
50ON-35oK 
1403.3205 

750N..640N 
750N-c40N 
640N.S10N 
640N-510N 

620N-440N 
3503.5203 
3403.5203 
3503.5203 

340S-520S 

350N-230N 
08oN-09O.S 
190S-310S 
110S-310S 

34oN-10ON 

640N-550N 

640N-550N 

350N-260N 
350N-260N 

640N-370N 
64oN-50ON 

16.8 
19.1 
16.8 
18.3 
16.8 
19.1 
19.2 
16.8 

1 Mar 67     190S-320S     19.4 

18.3 
19.1 
18.3 
19.7 
18.3 

15.2 
16.8 
18.3 
19.5 

15.2 
15.2 
16.8 
18.3 
19.2 

19.0 
19.1 
15.2 
16.8 

18.3 

13.1 

11.9 

15.2 
16.8 

16.8 
18.8 

Sjr 

51.9 
82.0 
9.16 

29.0 
54.3 
71.1 
66.7 
63.6 

63.3 

(49.0) 
50.6 
72.0 
73.3 
45.2 

56.0 
45.4 
60.4 
46.6 

34.8 
19.8 
31.1 
51.3 
72.0 

73.2 
56.6 
15.3 
5.32 

49.1 

24.3 

31.5 

12.4 
41.2 

46.0 
64.3 

SQ-8407      28 Mar 67      ]30S-320S      19.5 41.7 

1.52 
2.08 
0.524 
0.779 
1.38 
1.37 
1.53 
1.38 

1.19 

2.23 
1.32 
1.47 
2.12 
0.742 

1.8J 
1.12 
1.30 
1.40 

0.845 
0.413 
0.514 
0.826 
1.74 

1.32 
1.22 
0.423 
0.153 

0.920 

0.607 

0.654 

0.272 
0.812 

1.06 
1.08 

Ü.884 

1.01 
1.62 
0.361 
0.417 
0.945 
1.31 
0.696 
1.05 

2.62 

1.22 
1.58 
1.21 
2.42 
1.73 

0.769 
0.718 
1.24 
2.05 

0.526 
0.920 
1.28 
2.46 
5.30 

1.02 
0.966 
0.494 
0.240 

0.606 

0.435 

0.345 

0.186 
0.504 

0.810 
1.01 

•J. OÜ 

0.04 
0.06 
0.01 
0.02 
0.04 
0.04 
0.04 
0.04 

Ü.Oi 

0.06 
0.04 
0.04 
0.06 
0.02 

0.05 
0.03 
0.04 
0.04 

0.02 
0.01 
0.01 
0.02 
0.05 

0.04 
0.03 
0.01 
0.00 

0.02 

0.02 

0.02 

0.01 
0.02 

0.03 
0.03 

0.02 

0.97 
1.56 
0.35 
0.40 
0.90 
1.27 
0.66 
1.01 

2.59 

1.16 
1.54 
1.17 
2.36 
1.71 

0.72 
0.69 
1.20 
2.01 

0.51 
0.91 
1.27 
2.44 
5.25 

0.98 
0.94 
0.48 
0.24 

0.59 

0.42 

0.32 

0.18 
0.48 

0.78 
Ü.98 

1.98 
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TADLE 9A-1. (continued) 

Collect ion Latitude Altitude Total 

Nuclide Concentrations (pCi/100 SCMi 

im Total Weapon 
Fu2d8 

SNAP-t 
Sample Date Ranee .JH. Sr*0 Pu238 Pu238 

SQ-8387 2<> Mar 67 750N-640N 15.2 57.6 1.20 1.22 0.03 1.19 
SQ-8S36 •J"» Mar 67 750N-640N 15.2 66.2 1.34 1,21 0.04 1.17 
SQ-8388 29 Mar 67 750N-640N 16.8 40.9 0.809 1.94 0.02 1.92 
SQ-8537 29 Mar 67 750N-640N 16.8 44.5 1.71 2.25 0.Q5 2.20 
SQ.8538 29 Mar 67 750N-640N 18.3 25.7 0.619 1.86 O.O: 1.84 
SQ-8381 29 Mar 67 750N-640N 19.7 (12.0) 0.384 1.95 0.01 1.94 
SQ-8539 29 Mar 67 750N-640N 19.7 18.0 0.383 2.22 0.01 2.21 
SQ.8389 29 Mar 67 350N-220N 18.3 60.8 1.17 0.865 0.03 0.84 
SQ-8379 29 Mar 67 22oN-09ON 20.0 70.3 1.23 0.921 0.03 0.89 
SQ-8408 29 Mar 67 350S-520S 15.2 34.0 0.527 1.29 0.01 1.28 
SQ-8409 29 Mar 67 350S-520S 16.8 41.6 0.751 2.26 0.02 2.24 

SQ-8377 30 Mar 67 640N.350N 15.2 43.8 1.07 0.765 0.03 0.74 
SQ-8382 30 Mar 67 640N-470N 17.9 ( 2.24) 1.36 1.06 0.04 1.02 
SQ-8383 30 Mar 67 470N-350N 19.2 67.5 1.34 1.56 0.04 1.52 
SQ-8411 30 Mar 67 350S-520S 18.3 50.8 0.965 3.50 0.03 3.47 
SQ-8412 30 Mar 67 340S-520S 19.5 47.1 0.812 3.02 0.02 3.00 

SQ-8391 31 Mar 67 08oN-09OS 18.3 29.5 0.580 0.513 0.02 0.49 

SQ-8384 1 Apr 67 350N-220N 19.8 66.4 1.37 0.930 0.04 0.89 
SQ-8392 1 Apr 67 220N-140N 18.3 56.5 1.04 0.584 0.03 0.55 

SQ.8413 11 Apr 67 640N-550N 11.9 40.9 0.680 0.454 0.02 0.43 
SQ-8414 11 Apr 67 640N-550N 13.1 37.9 0.644 0.460 0.02 0.44 
SQ.8415 11 Apr 67 470N-410N 11.9 (0.568) 0.621 0.361 0.02 0.34 
SQ-8416 11 Apr 67 470N-410N 13.1 28.8 0.517 0.271 0.01 0.26 

SQ-8417 23 Apr 67 22oN-10ON 19.4 60.8 1.33 1.03 0.04 0.99 
SQ-8438 24 Apr 67 640N-370N 16.8 (30.3) 0.873 0.947 0.02 0.93 
SQ.8439 25 Apr 67 62ON-50ON 18.3 33.0 0.754 1.18 0.02 1.16 
SQ-8441 25 Apr 67 63oN-50ON 19.3 35.9 0.884 1.66 0.02 1.64 
SQ-8444 26 Apr 67 14ÜS-320S 19.5 35.6 0.830 2.41 0.02 2.39 
SQ-8445 26 Apr 67 350S-520S 15.2 2.76 0.134 0.396 0.00 0.40 
SQ-8446 26 Apr 67 340S-520S 16.8 22.8 0.506 1.29 0.01 1.28 
SQ.8434 27 Apr 67 750N-640N 19.1 (24.4) (0.593) (1.25) (0,02) (1.23) 
SQ-8435 27 Apr 67 50ON-37ON 19.2 (45.6) 1.18 1.22 0.03 1.19 
SQ-8442 27 Apr 67 350S-520S 18.3 (26.8) (0.725) (2.44) (0.02) (2.22) 
SQ-8443 27 Apr 67 340S-520S 19.4 (22.6) (0.828) (3.09) (0.02) (3.07) 

SQ-8447 28 Apr 67 640N-350N 15.2 27.5 0.815 0.740 0.02 0.72 

SQ-8436 29 Apr 67 08oN-.l4oS 19.4 39.1 1.06 1.32 0.03 1.29 

SQ-8437 30 Apr 67 3S0N-220N 19.1 59.4 1.01 0.767 0.03 0.74 
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TABLE 9A-1. (continued) 

Nuclide Concuntrutions (pCi/10ü SCM) 

Sample 
Collection 
Date 

Latitude Altitude 
Range   (km) 

640N-48oN   11.9 

Total 
Sr90 

27.9 

Total 
Pu239 

Lost 

Total 
pu238 

Lost 

Weapon 
1)u2§8 

Lost 

SNAP-9A 
pu238 

SQ-8463 9 Hay 67 Lost 

SQ.8464 11 May 67 640N-360N 13.1 25.2 0.686 0.511 0.02 0.49 

SX-8466 25 Hay 67 640N-370N 16.8 45.9 1.00 0.986 0.03 0.96 

SX-8467 
SX-8468 
SX-8469 
SX-8471 
SX-8472 

26 Hay 
26 Hay 
26 Hay 
26 Hay 
26 Hay 

67 
67 
67 
67 
67 

750N-640N 
750N-640N 
610N-510N 
50ON-37ON 
3SoN-10ON 

15.2 
16.8 
19.4 
18.3 
18.3 

35.4 
58.9 
57.5 
57.4 
50.5 

0.749 
1.20 
1.63 
1.21 
1.14 

0.832 
0.879 
1.56 
1.16 
1.06 

0.02 
0.03 
0.04 
0.03 
0.03 

0.81 
0.85 
1.52 
1.13 
1.03 

SX-8473 
SX-8474 
SX-8475 
SX-8476 

27 Hay 
27 Hay 
27 Hay 
27 Hay 

67 
67 
67 
67 

750N-640N 
750N-640N 
64ON-40ON 
350N-22ON 

18.3 
19.0 
15.2 
16.8 

(20.8) 
48.6 
40.5 
17.7 

1.34 
0.876 
0.720 
0.384 

1.97 
1.37 
0.598 
0.276 

0.04 
0.02 
0.02 
0.01 

1.93 
1.35 
0.58 
0.27 

SX-n477 
SX-8478 
Sy-8479 
SX-8481 

28 Hay 
28 Hay 
28 Hay 
28 Hay 

67 
67 
67 
67 

64oN-50ON 
490N-360N 
140S-320S 
03ON-27oS 

18.3 
19.8 
16.8 
18.3 

(23.9) 
32.6 
24.3 
(2.37) 

1.21 
0.821 
0.458 
(2.41) 

1.11 
1.36 
1.02 
(1.43) 

0.03 
0.02 
0.01 
(0.06) 

1.08 
1.34 
1.01 
(1.37) 

SX-8482 29 Hay 67 140S-320S 19.1 31.9 0.453 1.12 0.01 1.11 

SX-b484 
SX-8483 
SX-B48S 
SX-8486 

30 Hay 
30 Hay 
30 Hay 
30 Hay 

67 
67 
67 
67 

03ON-15oS 
15oN-30OS 
350S-520S 
340S-520S 

18.8 
15.2 
15.2 
16.8 

48.7 
10.6 
23.0 
38.1 

1.02 
0.193 
0.614 
0.633 

0.890 
0.437 
1.21 
2.12 

0.03 
0.00 
0.02 
0.02 

0.86 
0.44 
1.19 
2.10 

SX-8487 
SX-8488 

31 Hay 
31 Hay 

67 
67 

340S-520S 
340S-520S 

18.3 
19.4 

32.6 
33.4 

Lost 
0.610 

Lost 
2.78 

Lost 
0.02 

Lost 
2.76 

SX-8489 1 June 67 35ON-10ON 19.0 41.4 0.683 0.644 0.02 0.62 

SX-8491 
SX-8492 
SX-8493 
SX.8494 

6 June 
6 June 
6 June 
6 June 

67 
67 
67 
67 

640N-550N 
640N-550N 
470N-410N 
480N-410N 

11.9 
13.1 
11.9 
13.1 

14.9 
21.6 
16.9 
24.1 

0.261 
0.502 
0.307 
0.436 

0.176 
0.380 
0.208 
0.296 

0.01 
0.01 
0.01 
0.01 

0.17 
0.37 
0.20 
0.29 
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CHAPTER 10.  STRATOSPHERIC DISTRIBUTION OP COSMIC RAY ACTIVITY 

Radionuelldes are produced continuously in the atmospliefe primarily by 

secondary cosmic ray neutrons and protons interacting with nitrogen, oxygen and 

argon nuclei. Although their production rates remain .relatively constant with 

timej the rates vary considerably with altitude and latitude. A list of known 

cosmogenic radionuclides along, with their half-lives is given in Table 112. 

With the exceptions of the argon isotopes the. table was- reproduced from Young 

et al . Arg'on-39 was first detected.in the atmosphere by Loosli and Oeschger 

64 
and argon-37 by Schell . 

The stratospheric und tropospheric concentrations and ratios of the 

short-lived radionuclides can be used td study atmospheric circulation and mix- 

ing patterns if the equilibrium concentrations of the radionuclides are known. 

Absolute production rates of many of the nuclides in Table 112 have been 

61 62 
estimated by Lai and Peters  and by Bhandäri, Lai and .Rama  and have-been used 

for comparisons with the stratospheric concentrations of four radionuclides 

measured under Project STARDUST. 

During various time intervals from late 1959 through early 1965 

STARDUST filter samples were analyzed for a number of radionuclides including 

four produced by cosmic rays: berylliuni-7, phosphorus-32, pliospliurus-3.3, and 

sodium-22. 

Stratospheric Distribution of Beryllium-7, Piiosphorus-32 and Phospliorus-33 

The phosphorus samples were beta-counted with and without absorbers 

to determine the relative contributions of 1.71 Mev phosphorus-32 and 0.25 Mev 

phosphorus-33 beta particles. The measurements of phosphorus-32 were nfoderately 

successful, but those of phosphorus-33 were less so. An unsuccessful attempt was 

made to improve liij phosphorus-33 data by eliminating counting through absorbers, 
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TABLE 112. Half-Lives and Decay Characteristics of Cosmic Ray-Produced Radionuclidns 

Radionuclide 

10 

36 

14c 
32 

39 

3H 

22 

35, 

Be 

Cl 

Si 

Ar 

Na 

Be 

37 Ar 
33T 

32, 

28, Mg 
24, Na 

38, 

31S1 

39 Cl 

38ci 

34m 
Cl 

Half-Life 

2.7 x 10 '  years 

3.1 x 105 

5.57 x 103 

-7.0 x 102 

2.70 x 102 

12.3 

2.6 

88 days 

53 

35 

25 

14.3 

21.3 hours 

15.0 

2.9 

2.62 

55 min 

37 

32 
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and by using instead the resolution of the phosphorus beta decay curve into two 

components (14.3 day phosphorus-3'2 and 25 day phospliorus-33) to distinguish be- 

tween the contributions of the two radioisotopes. Unfortunately, by the time the 

samples reached the laboratory and were processed only low levels of phosphorus 

activity remained, and this limited the accuracy of the measurements. 

The beryllium-7 analysis utilizes gamma speetrometric measurement of 

the 0.48 Mev gamma ray, and inspection of the gamma spectrum for each sample 

assures its radiochemical purity. Nevertheless, it was decided that additional 

evidence for the purity of the samples- should be obtained, since the samples 

which appeared to contain excess beryllium-7 were those which also contained 

high activities of short-lived fission products. To provide such evidence the 

decay of a series of samples collected during late 1962 and early 1963 was moni- 

tored. Data for four such samples-are shown in Figure 109. Decay curves for the 

53 day half life of beryllium-7 are drawn through them. The fit of the curves 

to the data is adequate even though the accuracy of the measurements was re- 

duced by the delay of several months between the collection of the samples and 

their analysis. In addition, relatively small aliquots of the samples were used 

in the analyses because they contained high activities of fission products. The 

beryllium-7 and phosphorus-32 data are probably the most reliable of all of the 

activities of cosmic ray products measured. Nevertheless, some of the results 

for these nuclides appear to be too high or too low compared to the concentra- 

tion range expected in the stratosphere. 

The mean distribution of beryllium-7 in the STARDUST (or HASP) sampling 

corridor (see p.18 of Final Report on Project STARDUST, Volume 1 for description 

of the corridor) lias been calculated for each of a series of time intervals from 

October 1959 to March 1963. These distributions are shown in Figures 110, 11] and 

■«., 
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16 DEC. 1962 
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ST-2567 
18 JAN. 1963 
290-49oN,   15 km. 
.4 42 pCi Be-7/SCM 

I 
ST-2572 A 
18 JAN.   1963 
490-6S0N,   18 km. 
.8 25pCi  Be-7/SCM 

 1  
ST-25908 
22 JAN 1963 
650-70eN,  18 km 
l.l27pCi Be-7/SCM 

I I 

FIGURE 109- DECAY  CURVES  OF FOUR HIGH ACTIVITY BERYLLIUM-7 
SAMPLES 
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A theoretical distrilmtion In a quiescent atmosphere, based on beryllium-7 

61 
production rates calculated by Lai and Peters  is included in each of these 

figures for purposes of comparison. 

The mean distributions shown in Figure 13 0 are for October 1959 to 

June 1960 and June to September 1961 and the data in tabular form are given 

in Tables 113 and 114. The concentrations found in the vicinity of the tropo- 

pause and of the tropopause gap were generally lower than predicted for a 

quiescent atmosphere. This was expected, of course, for the tropopause acts 

as a sink for beryllium-7 just as it does for debris from nuclear weapons tests. 

The concentrations found in the polar stratosphere were lower than the theoreti- 

cal, but those found in the tropical stratosphere were slightly higher than the 

theoretical. This situation could results from eddy diffusion in the meridional 
mi 

direction. 
j 

-• In Figure 111 are shown the mean distributions for January to April 1962 

and May to August 1962.    The data for the same time interval are given in Table 115. 

During the first of these intervals rather high concentrations of beryllium-7 
65 

were found in the northern polar stratosphere.    Bleichrodt      has described the 

presence of artificial beryllium-7,  produced by the 1961 Soviet test series, at 

13 Km in the stratosphere from October to November 1961.    The high concentrations 

of beryllium-7 in the STARDUST sampling corridor during the first third of 1962 

.    are consistent with Bleichrodt's conclusion that beryllium-7 is produced by atmos- 

pheric nuclear explosions.    Even stronger evidence for such artificial production 

of this nuclide is found in the very high concentrations of the tropical strato- 

sphere during the interval May to August 1962.     These high concentrations of 

beryllium-7 were associated with fresh debris from the mid-19162  United States 

weapons tests at Christmas Island. 
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TABLE 113. Berylliuin-7 Activities for Samples 
Collected from October 1959 through June 1960 

Sample Co; Lied :ion Altitude pCi Be 
No. Date Latitude 

70oN-5poN 

(km) 

18.3 

100 SCM 

0-1 27 Get 59 1160 
0-2 27 Oct 59 70oN-50,,N 19.8 1370 , 
0-3 28 Oct 59 70c'N-66oN 2.1.3 1160 
Dl 1 Dec 59 710N-610N 16.8 1030 
D2 1 Dec- 59 710N-560N 18.3 1570 
D3 1 Dec 59 710N-610N 19.8 989 
D4 1 Dec 59 09oN-08oS 19.8 507 
D5 1 Dec 59 03oN-08oS 19.8 657 
D6 3 ■Dae 59 68oN-508N 13.7 949 
D7 S Dec 59 480N-2'80N 16.8 1100 
D8 10 Dec 59 50oN-28oN 19.8 1510 
D9 15 Dec- 59 68oN-50oN 13.7 714 
D10 17 Dec 59 70oN-50oN 15.2 1220 
Dll 17 Dec 59 710N-ß8'N 18.3 1320 
012 18 Dec 59 480N-330N 16.8 731 
D.13 22 Dec- 59 20oN-13oN 21.3 781 
D14 23 Dec 59 50oN-39oN 19.8 1160 
Jl 5 dan 60 470N-280N 19.8 1110 
J4 7 Jan 60 660N-580N 12.2. 928 
J3 7 Jan 60 58oN-50oN 12.2- 733 
J5 7 Jan 60 440N-310N 12.2 617 
J2 7 Jan 60 480N-280N 16.8 510 
J9 12 Jan 60 66oN-50oN 16.8* 981 
J10 12 Jan 60 70oN-60oN 18.3 1200 
Jll 12 Jan 60 70oN-58oN 19.8 1850 
J6 12 Jan 60 15oN-08oS 19.8 485 
J7 12 Jan 60 15oN-02oS 21.3. 501 
JS 12 Jan 60 03oN-08oS 21.3 424 
J12 14 Jan 60 15oN-08oS 21.3 447 
J13 15 Jan 60 480N 19.8 1260 
J14- 19 Jan 60 67oN-50oN 12.2 663 
J15 19 Jan 60 590N-38"N 12.2 808 
J16 19 Jan 60 480N-380N 15.2 916 
Ji7 19 Jan 60 480N-280N 16.8 774 
J21 21 Jan 60 490N-280N 21.3 2080 
J18 22 Jan 60 650N-580N 16.8 1.140 
J19 22 Jan 60 70"N-560N. 18.3 1020 
J20 22 Jan 60 70oN-58oN 19.8 1580 
.J22 26 Jan 60 49oN-390N 18.3 1220 
J23 26 Jan 60 490N-280N 19.8 1210 
J24 26 Jan 60 20oN-13oN 18.3 434 
J25 29 Jan 60 440N-280N 12.2 335 
J26 .29 Jan 60 480N-280N 16.8 736 
Fl 2 Feb 60 480N-380N 19  8 862 
P2 2 Feb 60 440N-280N lc'  8 906 
F3 2 Feb 60 280N-170N 19.8 870 
F4 4 Feb 60 50oN-32oN 19.8 870 
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A Teledyne Company 
Table 113 (cont'd.) 

Sample Collection Altitude pC:i  Be7 

No. Date Latitude 

50oN-28oN 

(km) 

19.8 

100 SCM 

F5 11 Feb 60 1330 
F6 11 Feb 60 20oN-13oN 19,8 832 
F8 16 Feb 60 65oN-50oN 13.7 970 
F9 16 Feb 60 71oN-500N 19.8 1410 
F7 16 Feb 60 15oN-08oS 21.3 432 
Fll 18 Feb 60 670N-590N 12.2 964 
FIG 18 Feb 60 59oN-506N 12.2 998 
F13 23 Feb 60 480N 21.3 1570 
F15 25 Feb 60 68oN-60oN 13.7 1080 
F14 25 Feb 60 60oN-50oN .13.7 1300 
F16 25 Feb 60 470N-280N 19.8 1310 
F17 25 Feb 60 280N-140N 19.8 658 
M2 1 Mar 60 670N-590N 12.2 898 
Ml 1 Mar 60 59oN-50oN 12.2 1000 
M3 3 Mar 60 710N-610N 16.S 979 
M4 4 Mar 60 50oN-39oN 19.8 995 
M5 4 Mar 60 240N-130N 19.8 428 
M7 10 Mar 60 44^-36^ 12.2 518 
M8 10 Mar 60 480N-380N 15.2 816 
M9 10 Mar 60 480N-380N 16.8 798 
M6 10 Mar 60 360N-280N 12.2 483 
MIO 11 Mar 60 67oN-50oN 12 .2 838 
Mil 11 Mar 60 67oN-50oN 15.2 1260 
M12 22 Mar 60 67oN-50oN 12.2 660 
M13 22 Mar 60 670N-500N 15.2 793 
M16 22 Mar 60 480N-280N 16.8 465 
M14 24 Mar 60 65oN-50oN 19.8 1190 
M15 24 Mar 60 62oN-50oN 19.8 1240 
Ml? 24 Mar 60 50oN-39oN 19.8 1140 
M18 24 Mar 60 440N-280N 21.3 1220 
M19 29 Mar 60 50oN-39oN 18.3 941 
M20 29 Mar 60 50oN-28oN 19.8 672 
M21 29 Mar 60 240N-130N 19.8 85.1 
M22 31 Mar 60 48oN-30oN 15.2 552 
M23 31 Mar 60 480N-350N 16. S 563 
Al 5 Apr 60 710N-610N 16.8 965 
A2 5 Apr 60 71oN-50oN 18.3 1260 
A3 5 Apr 60 15oN-08oS 19.8 429 
A4 5 Apr 60 15oN-08oS 21.3 399 
AS 7 Apr 60 680N-590N 13.7 466 
A7 7 Apr 60 59oN-50oN 13.7 687 
A5 7 Api  60 16oN-05oS 19. S 324 
A6 7 Apr 60 15oN-08oS 21.3 442 
A10 12 Apr 60 67oN-590N 12.2 634 
A9 12 Apr 60 59oN-50oN 12.2 609 
All 12 Apr 60 50oN-32oN 12.2 307 
A12 12 Apr 60 480N-330N 16. S 2 54 
A13 14 Apr 60 50oN-28oN 19.8 1100 
A14 14 Apr 60 28oN-130N 19.8 700 
A1S 19 Apr 60 50°N-2 8oN 19.8 .1040 
A16 20 Apr 60 68oN-50oN .■[,3.7 812 
A17 20 Apr 60 710N-620N 18.3 998 
A18 20 Apr 60 71oN-50DN 19. S 1020 
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Table 113 (cont'd.) 

Sample Collection Altitude pCi Be7 

No. Dale Latitude 

470N-380N 

(km) 

15.2 

100 SCM 

A20 21 Apr 60 766 
A21 21 Apr 60 480N-330N 16.8 523 
A.1.9 21 Apr 60 440N-280N 12.2 116 
A22 26 Apr 60 5ÜaN-280N 21.3 1100 
A23 26 Apr 60 280N-160N 21.3 1010 
A25 27 Apr 60 71eN-620N 16.8 1840 
A26 27 Apr 60 710N-5üoN 18.3 976 
A,J4 28 Apr 60 280N-.L30N 19.8 1000 
A27 30 Apr 60 66oN-50oN 18.3 486 
A28 30 Apr 60 66oN-50oN 19.8 1880 
A29 3 May 60 640N-500N 12.2 630 
A30 3 May 60 50oN-32oN 12.2 674 
A31 5 May 60 16oN-08oS 21.3 393 
A32 6 May 60 480N 19.8 1360 
A3 3 9 May 60 150N-Ü70S 21.3 391 
EN-l 10 May 60 70oN-65oN 15.2 812 
EN-2 10 May 60 70oN-65oN 18.3 1110 
EN-3 10 May 60 710N-660N 19.8 1220 
EN-4 11 May 60 70oN-67oN 19.8 1500 
ES-1 12 May 60 168N-05eN 19.8 638 
ES-2 12 May 60 05oN-06oS 19.8 405 
ES-3 12 May 60 08oS-19oS 21.3 393 
ES-4 12 May 60 18oS-30oS 21.3 409 
EN-5 13 May 60 70oN-66oN 15.2 836 
EN-6 13 May 60 70oN-66oN 18.3 1310 
EN-7 13 May 60 70oN-66oN 19.8 1610 
EN-8 14 May 60 70oN-66oN 18.3 1150 
EN-9 17 May 60 70oN-66oN 15.2 618 
EN-10 17 May 60 708N-66oN 18.3 1680 
EN-11 17 May 60 70oN-66oN 18.3 1590 
ES-7 19 May 60 37oS-40oS 15.2 830 
ES-6 19 May 60 36oS-40oS 18.3 983 
ES-5 19 May 60 379S-40oS 19.8 1010 
EN-13 20 May 60 70oN-66oN 15.2 754 
EN-12 20 May 60 70oN-66oN 18.3 1.190 
EN-14 20 May 60 70oN-668N 18.3 1590 
3913 23 May 60 40° S 18.3 857 
3911 23 May 60 40oS 19.8 1340 
EN-15 24 May 60 70oN-66oN ,15.2 851 
EN-17 24 May 60 70oN-66oN 19.8 1590 
3934 31 May 60 40° S 18.3 719 
3930 31 May 60 40oS 19.8 1130 
ES-12 6 Jun 60 420S-580S 21.3 1100 
ES-16 8 Jun  60 lloN-01oN 21.3 246 
ES-15 S Jun  60 01oN-lloS 21.3 351 
ES-13 8 Jun 60 22oS-310S 19.8 882 
ES-14 8 Jun 60 110S-220S 19.8 550 
3960 10 Jun  60 29oN-20oN 16.8 439 
3962 10 Jun 60 29oN-20oN 18.3 386 
3964 .10 Jun  60 29oN-20oN 19.8 873 
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I 

TABLE 114.  Beryllium-7 Activities for Samples 
Collected from June 1961 Through September 196] 

Sample Collection Altitude pC:i Be7 
■ No. Date Latitude 

12 0N 

(km) 

18.3 

100 SCM 

■ 

ST-701 6 Jun 61 690 
ST-702 6 Jun 6.1 120N 19.8 407 
ST-703 8 Jun 61 20oN-12oN 15.2 118 

1 ST-704 8 Jun 61 20oN-12oN 19.8 396 
ST-705 13 Jun 61 12 0N 15.2 1.1.5 
ST-706 13 Jun 61 20oN-12oN 15.2 572 
ST-707 13 Jun 61 12oN-07oN 20.1 364 
ST-708 15 Jun 61 120N 18.3 382 
ST-709 15 Jun 61 12 0N 19.6 478 
ST-710 20 Jun 61 12 0N 18.3 471 
ST-711 20 Jun 61 120N 20.0 348 
ST-712 6 Jul 61 480N-29oN 19.7 1740 
ST-713 6 Jul 61 480N-290N 20.7 1240 
ST-714 7 Jul 61 480N-290N 18.3 1100 
ST-715 11 Jul 61 280N-150N 20.2 412 

. - ST-716 11 Jul 61 280N-150N 20.7 814 
ST-717 14 Jul 61 30oN 16.8 622 
ST-718 14 Jul 61 30oN 18.2 734 

. ST-719 14 Jul 61 30oN 19.8 808 
ST-720 14 Jul 61 30oN 20.9 992 
ST-721 19 Jul 61 30oN 16.9 (986) 

■ 

ST-722 19 Jul 61 30oN 18.4 1540 
- 

ST-723 19 Jul 61 30oN 20.0 932 
ST-724 19 Jul 61 30oN 21.1 812 
ST-736 20 Jul 61 48oN-380N 15.4 653 
ST-727 20 Jul 61 480N-28PN 16.8 876 
ST-728 25 Jul 61 480N-280N 19.8 1420 
ST-729 25 Jul 61 48oN-30oN 20.7 1490 

11 ST-730 28 Jul 61 280N-150N 19.9 714 
ST-731 28 Jul 61 280N-150N 20.7 695 

"~ ST-7 32 2 Aug 61 480N-280N 18.5 1170 
ST-733 2 Aug 61 48oN-280N 20.0 448 

J* ST-734 4 Aug 61 30oN 16.8 747 
ST-736 4 Aug 61 300N 19.8 1000 

nil 

ST-737 4 Aug 61 30oN 21.1 823 
ST-738 7 Aug 61 30oN 16.8 677 
ST-739 7 Aug 61 30oN 18.4 762 

•"• ST-740 7 Aug 61 30oN 20.0 1000 
ST-741 7 Aug 61 30oN 21.1 979 
ST-742 10 Aug 61 480N-280N 15.2 445 

«» ST-743 10 Aug 6.1 480N-280N 16.9 882 
ST-744 15 Aug 61 480N-280N 19.8 1590 

Jm ST-745 15 Aug 61 480N-280N 20.6 1360 
ST-746 17 Aug 61 28oN-150N 20.0 714 

■ -.»W ST-747 17 Aug 61 280N-150N 20.9 688 
..I ST-748 22 Aug 61 480N-280N 18.4 1350 

ST-749 22 Aug 61 480N-280N 20.0 1200 

1 ST-750 24 Aug 61 30oN 16.7 846 
ST-751 24 Aug 61 30oN 18,2 603 
ST-752 24 Aug 61 30oN 19.8 855 
ST-753 24 Aug 61 30oN 21.0 1090 
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TABLE 114 (corvedQ 

Sample 
No. 

ST-754 
ST-755 
ST-756 
ST-757 
ST-758 
ST-759 
ST-761 
ST-760 
ST-762 
ST-763 
ST-777 
ST-778 
ST-779 
ST-780 
ST-781 
ST-782 
ST-783 
ST-784 
ST-785 
ST-786 
ST-787 
ST-788 
ST-789 
ST-790 
ST-791 
ST-792 
ST-793 
ST-795 
ST-794 

Collection 
Date 

31 Aug 61 
31 Aug 61 

1 Sep 61 
1 Sep 61 
1 Sep 61 
1 Sep 61 
6 Sep 61 
6 Sep 61 
6 Sep 61 
6 Sep 61 
7 Sep 61 
7 Sep 61 
8 Sep 61 
8 Sep 61 
9 Sep 61 
9 Sep 61 

10 Sep 61 
10 Sep 61 
20 Sep 61 
20 Sep 61 
20 Sep 61 
-'0 Sep 61 
26 Sep 61 
26 Sep 61 
28 Sep 61 
28 Sep 61 
30 Sep 61 
30 Sep 61 
30 Sep 61 

Latitude 

480N-280N 
48^-38^ 
30oN 
30oN 
30oN 
30oN 
630N-S10N 
510N-320N 
280N-15eN 
280N-150N 
480N-280N 
480N-280N 
48oN-280N 
48oN-330N 
480N-280N 
480N-28eN 
420N-298N 
420N-290N 
30oN 
30oN 
30oN 
30oN 
280N-150N 
280N-1S0N 
480N-280N 
48,,N-280N 
60oN-47oN 
600N-360N 
47oN-30oN 

Altitude pGi ße7 
(km) 100 SCM 

15.7 280 
17.0 986 
16.9 576 
18.4 1050 
19.9 1070 
21.2 857 
19.5 1540 
19.4 1260 
18.5 528 
19.6 522 
20.2 1530 
21.0 1320 
18.3 1170 
19.8 1260 
15.3 270 
16.9 661 
12.2 18.6 
13.7 43.1 
16.7 657 
18.2 514 
19.8 380 
20.8 827 
19.7 558 
19.7 407 
20.3 1500 
20.7 1370 
19.8 1960 
20.1 2100 
20.7 1410 
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TABLE 115.   »eryIlium -7 Activities for Samples 
Collroted* i-rom January 1962 Through August  19C2 

Sample Collection Altitude pCi   ße 
No. Date Latitude 

480N-280N 

(km) 

15.2 

100 SCM 

ST-881 4 Jan 62 803 
ST-882 11 Jan 62 30° N 16.8 723 
ST-883 11 Jan 62 30° N 18.3 .1090 
S1V884 11 Jan 62 30oN 19.8 .1080 
ST-885 11 Jan 62 30oN 2.1.5 914 
ST-886 11 Jan 62 480N-280N 20.2 1050 
ST-887 11 Jan 62 480N-28oN 20.8 1240 
SZ-2241 15 Jan 62 540N-310N 16.8 146(1 
ST-889 15 Jan 62 548N-4'>0N 16. 8 1650 
ST-888 15 Jan 62 490N-310N 16.8 1350 
ST-891 15 Jan 62 630N-480N 20.7 1.1.50 
ST-890 15 Jan 62 480N-320N 20.0 1250 
ST-893 16 Jan 62 490N-310N 12.6 938 
ST-892 16 Jan 62 490N-328N 18.4 1390 
ST-894 17 Jan 62 650N-64eN 12.3 1050 
ST-895 17 Jan 62 650N-630N 13.7 2060 
ST-896 17 Jan 62 650N-630N 15.4 1580 
ST-897 17 Jan 62 650N 16.8 1240 
ST-898 17 Jan 62 640N 16.8 1370 
ST-899 17 Jan 62 640N 18.3 1650 
ST-900 17 Jan 62 640N 19.8 1270 
ST-901 17 Jan 62 640N 20.9 782 
ST-902 18 Jan 62 30oN.-15oN 16.8 234 
ST-904 18 Jan 62 30oN-15oN 18.4 007 
ST-903 18 Jan 62 30oN-15oN 19.8 754 
ST-905 18 Jan 62 30oN-15oN 20.9 884 
ST-906 19 Jan 62 640N-490N 13.6 2820 
ST-908 19 Jan 62 640N-520N 16.8 2570 
ST-907 19 Jan 62 640N-490N 19.8 1640 
ST-909 23 Jan 62 640N-530N 12.2 .1.410 
SZ-2242 23 Jan 62 640N-530N 12.2 1350 
ST-910 23 Jan 62 640N-490N 15.2 J140 
ST-911 23 Jan 62 640N-49oN 18.3 .1.340 
ST-912 23 Jan 62 640N-490N 20.4 .1.070 
SZ-2243 23 Jan 62 640N-490N 20.4 987 
ST-913 23 Jan 62 490N-360N 13.7 1370 
ST-914 23 Jan 62 490N-360N 15.5 1600 
ST-91S 23 Jan 62 490N-32oN 19.8 1180 
ST-916 23 Jan  62 490N-3.I.0N .1.9.9 1310 
ST-917 25 Jan 62 700N-650N 12.1 1870 
ST-918 25 Jan 62 70oN-65oN 13.8 3000 
ST-919 25 Jarj 62 70oN-65oN 15.3 5310 
SZ-2244 25 Jan 62 680N' 16.0 3820 
ST-920 25 Jan 62 70oN-65oN 16-8 .1.880 
ST-921 25 Jan 62 70oN-65oN 18.3 2900 
ST-922 25 Jan 62 70oN-65oN 19.8 4770 
ST-923 25 Jan 62 700N-650N 20.3 2320 
ST-924 25 Jan 62 70oN-65oN 20.7 2660 
ST-925 25 Jan 62 30UN 12.5 S         2.35 
ST-926 25 Jan 62 30° N 13.7 .1.3.1. 
ST-927 25 Jan 62 30° N 15.5 285 
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ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample Collec Lion Altitude pCi Be7 

No. Dat s Latitude 

30° N 

(km) 

16.8 

100 SCM 

ST-928 25 Jau 62 523 
81-929 25 Jan 62 30oN 18.4 1080 
ST-930 25 Jan 62 30oN 19.8 1300 
ST-931 25 Jan 62 30° N 21.1 700 
ST-933 30 Jan 62 640N-540N 12.3 1270 
ST-934 30 Jan 62 640N-490N 15.2 1000 
ST-935 30 Jan 62 640N-49*N 18.3 1060 
ST-936 30 Jan 62 640N-490N 20.0 936 
ST-937 30 Jan 62 49'N-360N 12.5 90.3 
ST-938 30 Jan 62 49^-31^ 15.6 909 
ST-939 30 Jan 62 490N-319N 18.4 1780 
ST-94Ü 30 Jan 62 490N-310N 20.8 1750 
ST-941 1 Peb 62 30oN-15oN 16.8 1790 
ST-942 1 Peb 62 30oN-18oN 18.4 1120 
ST-943 1 Peb 62 30oN-15oN 20.9 817 
ST-944 5 Peb 02 30oN-18oN 20.0 987 
ST-945 5 Peb 62 SO'N-^'N 20.7 720 
ST-946 6 Peb 62 630N 13.7 281 
ST-947 6 Peb 62 640N-490N 16.8 965 
ST-948 6 Peb 62 640N-490N 19.8 1020 
ST-949 6 Peb 62 490N-3rN 13.8 539 
ST-950 6 Peb 62 490N-31eN 16.8 1200 
ST-951 6 Peb 62 490N-310N 19.9 97S 
ST-952 6 Peb 62 490N-3i0N 20.7 776 
ST-957 8 Peb 62 650N-640N 12.1 1710 
ST-958 8 Peb 62 650N-63oN 13.6 590 
ST-959 8 Peb 62 r\50N-63oN 15.2 585 
ST-96Ü 8 Peb 62 64eN 16.6 921 
ST-961 8 Peb 62 660N 18.2 3360 
ST-962 8 Peb 62 660N-650N 19.4 943 
ST-963 8 Peb 62 650N 19.9 992 
ST-953 8 Peb 62 30° N 16.8 267 
ST-954 8 Peb 62 30oN 18.3 1140 
ST-955 S Peb 62 30oN 19.8 722 
ST-956 8 Peb 62 30oN 20.8 2090 
ST-969 9 Peb 62 640N-490N 13.6 372 
ST-970 9 Peb 62 640N-490N 19.7 1070 
ST-966 9 Peb 62 300N 13.0 100 
ST-967 9 Peb 62 30oN 15.7 176 
ST-96S 9 Peb 62 30° N 16.9 343 
SR-97.1 13 Pub 62 64oN-50oN 12.1 1940 
SZ-2245 13 Peb 62 64oN-50oN 12.1 1790 
ST-973 .1 3 Peb 62 64oN-50oN 18.1 1310 
ST-972 13 Peb o2 64oN-50oN 15.2 1250 
ST-974 13 Peb 02 640N-500N 19.4 1130 
ST-975 13 Peb 62 440N-360N 12.5 382 
ST-976 13 Pub 02 490N-320N 15.2 483 
ST-977 13 Peb 62 490N-320N 18.4 200 
ST-978 .13 Peb 62 490N-310N 20.7 1060 
SR-979 IS Pel. 02 70oNT-65oN 12.2 709 
ST-980 15 Peb 62 700N-6SoN 13.7 873 
SR-981 15 Peb 62 70oN-65oN 15.2 859 
ST-9S2 15 Peb 62 70oi-65oN 16.7 1280 
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TABLE 115. (cont'd.) 

Sample Collection Altitude pCl Bc7 

No. Date Latitude 

70#N-65,N 

(km) 

16.7 

100 SCM 

S2-2246 IS Feb 62 1300 
SR-983 15 Feb 62 70,N-65,N 18.3 1100 
SR-984 15 Feb 62 70,N-65,N 19.6 1020 
SR-985 15 Feb 62 30oN-15oN 16.8 172 
SR-986 15 Feb 62 30oN-15oN 18.5 672 
ST-987 15 Feb 62 30oN-15oN 19.8 1220 
ST-988 15 Feb 62 30oN-15oN     • 20.9 1210 
ST-989 19 Feb 62 490N-360N 13.8 866 
ST-990 19 Feb 62 490N-320N 116.8 1150 
ST-991 19 Feb 62 490N-320N 20.0 1250 
ST-992 19 Feb 62 49'N-320N 20.6 1040 
SF-993 20 Feb 62 640N-490N 13.6 1370 
ST-994 20 Feb 62 640N-49eN 16.7 1140 
ST-995 20 Feb 62 64,N-490N 19.8 1200 
ST-996 20 Feb 62 640N-490N 19.9 1360 
ST-1005 21 Feb 62 30^ 12.6 73.1 
ST-1006 21 Feb 62 30oN 13.8 111 
ST-1007 21 Feb 62 30oN 15.4 455 
ST-1008 21 Feb 62 30oN 16.8 555 
SF-1009 21 Feb 62 30oN 18.3 1070 
ST-1010 21 Feb 62 30^ !<»   =* 1050 
St-1011 21 Feb 62 30oN 20.8 1030 
SF-997 22 Feb 62 640N 12.0 1220 
ST-998 22 Feb 62 64,N-630N 13.6 1320 
SF-999 22 Feb 62 64^ 15.1 1200 
SZ-2247 22 Feb 62 640N 15.6 1510 
SF-1000 22 Feb 62 640N 16.6 2810 
SF-lOQl 22 Feb 62 67'N-640N 16.8 1110 
ST-1002 22 Feb 62 66,N-650N 18.2 1180 
SF-1003 22 Feb 62 66*N-620N 19.6 1150 
ST-1004 22 Feb 62 640N-630N 20.3 979 
ST-1012 27 Feb 62 640N-490N 12.0 1930 
SF-1013 27 Feb 62 640N-490N 15.1 2280 
ST-1014 27 Feb 62 640N-490N 18.2 1970 
ST-1016 27 Feb 62 490N-310N 15.2 1890 
ST-1017 27 Feb 62 370N-310N 18.3 1160 
ST-1018 27 Feb"62 498N-310N 20.6 1000 
ST-1019 1 Mar 62 70oN-65oN 12.0 636 
ST-1020 1 Mar 62 70oN-659N 13.6 773 
ST-1022 ,     1 Mar 62 70oN-65oN 16.7 1170 
ST-1023 1 Mar 62 70oN-65oN 18.2 1300 

. ST-1024 1 Mar 62 70oN-65oN 19.8 1060 
'ST-1025 1 Mar 62 70*N-65PN 20.6 1120 

.•' ST-1026 1 Mar 62 30oN-18oN 16.8 340 
ST~1027 1 Mar 62 30^-15^ 18.3 469 
ST-1028 1 Mar 62 260N-150N 19.8 1010 
ST-1029 1 Mar 62 260N-150N 21.Q 1050 
ST-1031 2 Mar 62 40oN-31oN 12.2 418 
ST-1032 2 Mar 62 50oN-31oN 18.3 1360 
ST-1033 6 Mar 62 64eN-630N 6.1 180 
ST-1035 6 Mar 62 64oN-630N 9.1 827 
ST-1037 6 Mar 62 64oN-490N 13.6 803 
Sr-1038 6 Mar 62 640N-490N 16.7 2020 
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TABLE 115 (cont'd.) 

Sample 
No. 

ST-1039 
ST-1040 
ST-1041 
SF-1C42 
ST-1044 
SN-1043 
SF-1045 
SN-1046 
SNR-1047 
SN-1048 
SNR-1049 
SN-1050 
SNR-1051 
SN-1052 
SN-1053 
SN-1054 
SN-1056 
SN-1057 
SN-1058 
SN-1059 
ST-1125 
ST-1126 
ST-1127 
ST-112S 
ST-1064 
SF-1065 
ST-1066 
SF-1067 
SN-1068 
ST-1069 
SN-1070 
SF-1072 
ST-1071 
SN-1073 
SF-1075 
SN-1074 
ST-1076 
ST-1077 
SF-1081 
ST-1079 
SF-1082 
ST-1078 
ST-1080 
SF-1083 
ST-1084 
ST-1085 
SF-1086 
ST-1087 
ST-1088 
ST-1Ö89 
ST-3090 
ST-1091 
ST-1092 
ST-1093 

Collection' 
Pate 

6 Mar 62 
6 Mar 62 
6 Mar 62 
6 Mar 62 
6 Mar 62 
6 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
8 Mar 62 
9/10 Mar 62 
9/10 Mar 62 
11/12 Mar 62 
11/12 Mar 62 
13 Mar 62 
13 Mar 62 
13 Mar 62 
13 Mar 63 
13 Mar 63 
13 Mar 63 
13 Mar 63 
13 Mar 63 
13 Mar 62 
13 Mar 62 
13 Mar 62 
13 Mar 62 
13 Mar 62 
13 Mar 63 
14/15 Mar 62 
14/15 Mar 62 
14/15 Mar 62 
14/15 Mar 62 
14/15 Mar 62 
14/15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 
15 Mar 62 

Altitude 
Latitude .   (km) 

64#N-49,N 19.9 
49,N-310N 13.7 
49*N-310N 16.8 
49*N-40oN 20.0 
49*N-31dN 20.9 
40,N-31'N 20.0 
65'N-640N 12.1 
65^-63^ 13.6 
es^N-es'N 15.1 
64^ 16.7 
64* N 18.2 
660N-650N 19.8 
65'N 20.5 
30oN 12.6 
SO'N 13.7 
30oN 15.2 
309N 16.8 
30 18.3 
30^ 19.8 
SO'N 21.1 
IS'N-OO0 19.4 
OO^IS'S 20.0 
20*S-26*S 19.8 
260S-380S 19.8 
640N-63aN 6.1 
640N-61,N 7.6 
64#N-63,N 9.1 
64,N-63,N 10.7 
640N-490N 12.1 
64,N-490N 15.1 
64^-49^ 18.3 
640N-580N 19.9 
64,N-49,N 20.0 
49*N-310N 12.4 
49oN-40oN 15.2 
40,N-31oN 15.2 
490N-310N 18.5 
49^-31^ 20.4 
90oN-80oN 11.9 
90oN-80oN 12.0 
90^-80^ 12.2 
80oN-60oN 11.0 
80^-60^ 12.0 
SO'N-öO^N 12.0 
70oN-65oN 12.0 
700N-660N 13.6 
70*Nr65*N 15.1 
70^-65^ 16.6 
70'N-65oN 18.2 
TO'N-öS'N 19.8 
30oN-15oN 16.9 
SO^-IS'N 18.3 
30oN-15oN 19.9 
26^-15^ 20.7 

pCi Be7 

100 SCM 

1210 
2810 
808 
3050 
1240 
1360 
1820 
889. 
693 
1170 
1420 
1260 
1170 

56.6 
119 
150 
650 
1810 
1320 
1340 
727 
509 
552 

1050 
229 
623 
965 

1780 
1180 
1040 
1230 
1340 
1080 
1260 
1130 
717 
1290 
1160 
2200 
951 
1150 
992 
976 
1650 
1280 
1190 
2200 
1220 
1460 
1120 
305 
639 
291 
859 
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. ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

. . 

Sample Collection 
No. Dale 

ST-1Ü98 20 Mar 62 
ST-1099 20 Mar 62 
ST-1100 20 Mar 62 
SF-1101 20 Mar 62 
ST-1102 20 Mar 62 
ST-1103 20 Mar 62 
ST-1104 20 Mar 62 
ST-1105 20 Mar 62 
ST-1106 22 Mar 62 
ST-1107 22 Mar 62 
ST-1108 22 Mar 62 
ST-1109 22 Mar 62 
SF-1110 22 Mar 62 
ST-1111 22 Mar 62 
ST-1112 22 Mar 62 
SF-1113 23 Mar 62 
ST-1114 23 Mar 62 
SF-1115 23 Mar 62 
ST-1117 23 Mar 62 
SF-1118 23 Mar 62 
ST-1119 23 Mar 62 
SF-1120 23 Mar 62 
ST-1121 27 Mar 62 
ST-1122 27 Mar 62 
SF-1123 27 Mar 62 
SF-1124 27 Mar 6.2 
ST-1129 27 Mar 62 
ST-1130 27 Mar 62 
ST-1131 27 Mar 62 
81-1132 27 Mar 62 
ST-li33 27 Mar 62 
ST-1134 27 Mar 62 
ST-1135 27 Mar 62 
SF-11S6 29 Mar 62 
ST-.1137 2^ Mar 62 
SF-1138 29 Mar 62 
ST-1139 29 Mar 62 
ST-1140 29 Mar 62 
ST-1141 29 Mar 62 
ST-1142 29 Mar 62 
ST-1143 29 Mar 62 
SF-1144 29 Mar 62 
ST-1145 29 Mar 62 
SF-1146 29 Mar 62 
ST-1147 29 Mar 62 
ST-1148 29 Mar 62 
ST-1149 30 Mar 62 
ST-1150 30 Mar 62 
ST-1151 31 Mar 62 
ST-1152 31 Mar 62 
ST-1153 2 Apr 62 
ST-1308 3 Apr 62 
ST-1309 3 Apr 62 
ST-1310 3 Apr 62 

Latitude 

650N-640N 
640N 
640N-630N 
640N-630N 
490N-310N 
490N-310N 
440N-31oN 
40oS-61oS 
30oN 
30DN 
30° N 
30oN 
30° N 
3ü0N 
30oN 
650N-640N 
650N-63oN 
650N-63oN 
660N-640N 
660N-65eN 
660N-630N 
640N-630N 
650N 
64° N 
650N 
650N-640N 
640N-498N 
640N-490N 
640N-490N 
490N-440N 
440N-310N 
370N-3loN 
490N-31oN 
70oN-65oN 
70oN-65oN 
7ü0N-650N 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
3Ü0N 
30oN 
30oN 
30oN 
30oN 
30° N 
49oN-310N 
490N-310N 
630N-510N 
510N«320N 
730N-650N 
70oN 
70oN 
70oN 

501 

Altitude 

fa) 

6.;i 
7.0 
9.1 

10.7 
13.7 
16.8 
20.5 
19.8 
12.5 
13.7 
15.2 
16.8 
18.4 
20.0 
21.3 
12.0 
13.6 
15.1 
16.6 
18.2 
19.7 
20.5 
6.1 
7.6 
9.1 

10.7 
12.1 
15.1 
18.3 
12.2 
12.2 
15.4 
18.3 
12.2 
13.7 
15.1 
16.7 
18.3 
18.3 
19.8 
12.2 
13.8 
14.9 
17.0 
18.5 
197 
15.3 
20,5 
19.6 
20.0 
19.8 
4.6 
4.6 
7.6 

pCi   Be 
100 SCM 

35.9 
41.2 

405 
1350 

626 
1090 
1240 
1410 
100 
175 
281 
302 
541 

.1.210 
1090 
1320 
1520 
1810 
1380 
1800 
1320 
1600 

25.4 
60.4 

604 
1030 

902 
809 

1300 
1150 
283 
213 
723 

.1280 

.1620 
1910 
1680 
.1970 
1390 

994 
.1 83 
606 
646 

.1.260 
653 
92 8 
779 

1330 
1020 
1170 

898 
296 
27.0 
63.4 
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ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample Collec Lion Altitude pCi Be7 

No. Dat e Latitude 

70oN 

(km) 

12.2 

100 SCM 

ST-1311 3 Apr 62 1130 
ST-1312 3 Apr 62 73oN-70oN 15.2 1660 
ST-1154 3 Apr 62 670N-66aN 15.2 1490 
ST-1313 3 A pi- 62 73^-70^ 18.3 1360 
ST-1314 3 Apr 62 73oN-70oN 19.8 1250 
ST-1315 3 Apr 02 360N 4.6 49.4 
ST-1316 3 Apr 62 360N-350N 7.6 24.8 
ST-1317 3 Apr 62 36<'N-35<,N 12.2 211 
ST-1318 3 Apr- 62 32 0N 15.2 644 
ST-1319 3 Apr 62 32^ 18.3 1660 
ST-1320 3 Apt- 62 32 0N 19.8 1410 
ST-1155 4 Apr 62 640N 6.1 6.2 
ST-1157 4 Apr 62 650N-640N 9.1 42.0 
ST-115S 4 Apr- 62 640N 10.7 545 
ST-1159 4 Apr 62 09oN-08oS 12.5 22.6 
ST-1160 4 Apr- 62 09oN-00o 15.7 81.4 
ST-1161 4 Apr 62 O^'H-OS'S 19.0 394 
ST-1162 4 Apr- 62 09oN-01oN 19.9 348 
ST-1163 5 Apr 62 660N 15.2 1590 
ST-1164 9 Apr 62 15oN-09oN 12.3 18.6 
ST-1166 9 Apr 62 15oN-09oN 15.2 83.5 
ST-1167 9 Apr 62 15oN-09oN 16.8 183 
ST-1168 9 Apr 62 15oN-09oN 18.3 366 
ST-1169 9 Apr 62 15oN-09oN 19.8 475 
ST-1170 9 Apr 62 15oN-09oN 21.3 636 
ST-1180 9/10 Apr 62 40oS-50oS 19.8 1480 
ST-1181 9/10 Apr 62 50oS-60oS 19.8 1520 
ST-.1171 10 Apr 62 690N-660N 19.6 1670 
ST-1172 11 Apr 62 650N-640N 6.1 36.4 
ST-1173 11 Apr- 62 650N 7.6 37.0 
ST-1174 11 Apr 62 650N-640N 9.1 95.4 
ST-1175 11 Apr 62 660N-65eN 10.7 851 
ST-1182 12 Apr- 62 730N-670N 18.3 3290 
ST-1183 13 Apr 62 09oN-10oS 13.7 50.1 
ST-1184 13 Apr 62 09oN-10oS 17.0 111 
ST-1185 13 A pr 62 09oN-10oS 20.0 367 
ST-1195 14 Apr 62 190S-350S 19.8 1030 
ST-1196 16 Apr 62 02oN-16oS 19.8 243 
ST-11S6 .17 Apr- 62 728N-700N 15.2 1910 
ST-1187 IS Apr 62 65oN-60oN 6.1 47.2 
ST-.118S 18 Apr- 62 650N 7.6 131 
ST-1189 18 Apr 62 659N 9.1 353 
ST-1190 18 Apr 62 650N-640N 10.7 728 
ST-1197 18 Apr 62 09oN 12.2 21.8 
ST-1199 18 Apr 02 07 0N 15.2 59.6 
ST-l'JOO IS Apr- 62 09oN-07oN 16.8 159 
ST-1205 19/20 Apr 62 90oN-80oN 12.1 672 
ST-I207 19/20 Apr 62 90oN-S0oN 12.1 690 
ST-.'I'.MM 19/20 Apr 62 S0oN-60oN 11.2 744 
ST-'u20S 19/20 Apr 62 80oN-60oN 12.5 1070 
SI-1206 .19/20 Apr 62 80oN-60oN 12.6 814 
ST-1209 19 Apr 62 730N-650N 19.8 1400 
ST-1210 19 Apr- 62 63oN-50oN 19.7 951 
ST-1211 19 Apr 62 50oN-32oN 20.7 1130 
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ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample Colled .ion Altitude pCi   Be 

No. Date Latitude 

650N 

(km) 

6.1 

100 SCM 

ST-1212 24 Apr 62 45.0 

ST-1214 24 Apr 62 650N 9.1 520 

ST-1217 24 Apr 62 09oN-04oS 16.8 78.9 

ST-1218 24 Apr 62 09oN-04oS 21.3 297 

ST-1215 25 Apr 62 650N 10.7 1010 

ST-1219 25 Apr 62 490N-310N 12.5 390 

ST-1220 25 Apr 62 430N-310N 15.5 482 

ST-1221 25 Apr 62 490N-310N 18.2 1080 

ST-1222 26 Apr 62 490N-31,,N 15.5 741 

ST-1223 26 Apr 62 490N-316N 19.8 1140 
ST-1235 26 Apr 62 15oN-09oN 14.9 63.8 

ST-1236 26 Apr 62 15oN-09oN 16.4 125 
ST-1237 26 Apr 62 150N-090N 18.2 898 
ST-1238 26 Apr 62 15oN-09oN 19.7 935 

ST-1239 26 Apr 62 15oN-09oN 20.5 1040 
ST-1240 26 Apr 62 15oN-09oN 20.9 809 

" ST-1241 26 Apr 62 09oN-02oN 16.9 235 

.. ST-1244 26 Apr 62 09oN-03oN 21.0 488 
ST-1242 26 Apr 62 02oN-10oS 16.9 151 
ST-1243 26 Apr 62 020N-100S 20.6 444 
ST-1224 27 Apr 62 64oN-60oN 12.2 1060 

- . 
ST-1225 27 Apr 62 640N-490N 15.3 1190 
ST-1226 27 Apr 62 640N-490N 19.9 1330 
ST-1227 27 Apr 62 310N 12.4 510 

1 ST-1228 27 Apr 62 310N 13.6 830 

ST-1229 27 Apr 62 310N 15.2 461 
ST-1230 27 Apr 62 30oN 16.8 442 
ST-1231 27 Apr 62 310N 18.6 1210 
ST-1232 27 Apr 62 310N 19.8 1220 
ST-1233 27 Apr 62 310N 20.9 914 
ST-1234 27 Apr 62 280N-lloN 19.8 1110 
ST-1245 V I May 62 650N 6.1 20.2 
ST-1246 1/2 May 62 650N 7.6 42.6 
ST-1247 1/2 May 62 650N 9.1 509 
ST-1248 1/2 May 62 650N 10.7 881 
ST-1253 1 May 62 490N-310N 13.7 738 
ST-1254 1 May 62 490N-310N 17.0 1480 

h ST-1255 1 May 62 480N-32oN 19.6 1180 
ST-1256 1 May 62 48''N-37eN 20.3 1330 
ST-1257 3 May 62 70oN-65oN 12.2 1200 
ST-12 58 3 May 62 70oN-65oN 13.7 1160 
ST-1259 3 May 62 70oN-650N 15.3 1280 
ST-1260 3 May 62 70oN-65oN 16.8 1620 
ST-1262 3 May 62 70oN-65oN 18.3 2040 
ST-1261 3 May 62 70oN-65oN 18.5 2400 
ST-1263 3 May 62 70oN-65oN 19.8 1410 
ST-1264 3 May 62 70oN-65oN 20.3 1680 
ST-1265 3 May 62 30oN-19oN 16.8 840 

"   ■ ST-1267 3 May 62 30oN-19oN 18.2 762 
ST-1269 3 May 62 30oN-15oN 19.8 1100 
ST-1270 3 May 62 30oN-15oN 20.4 1140 
ST-1266 3 May 62 190N-150N 16.8 285 
ST-1268 3 May 62 19oN-150N 18.3 405 
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ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample Collection Altitude pCi Be7 

No. Date Latitude 

640N 

(km)    . 

12.2 

100 SCM 

ST-1271 4 May 62 851 
ST-1272 4 May 62 640N 13.7 661 
81-1273 4 May 62 640N 15.2 917 
ST-1274 4 May 62 640N 16.8 1110 
ST-1275 4 May 62 640N 18.4 1850 
ST-1276 4 May 62 640N 19.9 733 
ST-1277 4 May 62 640N 20.5 784 
ST-1278 5 May 62 640N-490N 12.3 1130 
ST-1279 5 May 62 640N-490N 18.5 1350 
ST-1280 8 May 62 680N-650N 6.1 8.87 
ST-1281 8 May 62 660N-650N 7.6 62.8 
ST-1282 8 May 62 670N-650N 9.1 52.6 
ST-1283 8 May 62 660N-650N 10.7 477 
ST-1284 8 May 62 640N-490N 12.3 957 
ST-1285 8 May 62 640N-490N 15.2 1110 
ST-1286 8 May 62 640N-490N 18.3 1750 
ST-1287 8 May 62 640N-490N 20,3 1560 
ST-1288 8 May 62 490N-310N 12.5 416 
ST-1289 8 May 62 490N-430N 15.2 687 
SF-645 8 May 62 430N-380N 15.2 19800 
SF-644 8 May 62 370N-310N 15.5 9820 
ST-1291 8 May 62 49oN-430N 18.2 1020 
ST-1290 8 May 62 430N-370N 18.2 1140 
SF-646 8 May 62 370N-310N 18.2 140G 
ST-1292 8 May 62 490N-310N 20.8 1440 
ST-1293 10 May 62 640N-620N 12.2 1140 
ST-1294 10 May 62 650N-620N 13.7 832 
ST-1295 10 May 62 660N-650N 15.2 1080 
ST-1296 10' May 62 ' 640N 16.8 1150 
ST-1297 10 May 62 670N-640N 18.5 1440 
ST-1298 10 May 62 640N 19.9 1260 
ST-1299 10 May 62 640N 20.4 1590 
ST-1300 10 May 62 30oN 12.2 186 
ST-1301 10 May 62 30oN 13.6 320 
SF-647 10 May 62 30oN 15.1 16000 
SF-648 10 May 62 30oN 16.6 3440 
SF-649 10 May 62 30oN 17.0 2680 
SF-650 10 May 62 30oN 18.3 2180 
ST-1302 10 May 62 30oN 19.8 1400 
ST-1303 10 May 62 30oN 21.0 1460 
ST-1321 15 May 62 650N 6.1 40.9 
ST-1322 15 May 62 660N-650N 7.6 47.8 
ST-1323 15 May 62 660N-650N 9.1 110 
ST-1324 15 May 62 650N 10.7 1250 
ST-1325 15 May 62 640N-580N 13.8 354 
ST-1326 15 May 62 580N-490N 13.8 938 
ST-1328 15 May 62 490N-310N 19.6 1500 
ST-1331 16 May 62 610N-580N 20.5 1770 
ST-1330 16 May 62 580N-490N 20.4 1480 
ST-1332 16 May 62 640N-610N 20.6 854 
ST-1333 16 May 62 640N-580N 20.6 1700 
ST-1329 16 May 62 490N-320N 20.1 835 
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ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample 
No. 

SN-1334 
SN-1335 
SN-1336 
SN-1337 
SN-1338 
SF-651 
ST-1340 
ST-1341 
ST-1342 
ST-1343 
ST-1339 
SF-658 
SF-657 
ST-1347 
ST-1348 
ST-1345 
ST-1344 
ST-1346 
ST-1349 
ST-1350 
ST-1351 
ST-1352 
ST-1353 
ST-1354 
ST-1355 
ST-1356 
SN-1358 
SN-1357 
SN-1359 
ST-1360 
ST-1362 
ST-1363 
ST-1364 
ST-1365 
ST-1366 
ST-1367 
SF-663 
SF-664 
SF-665 
ST-1368 
ST-1369 
ST-1370 
ST-1372 
ST-1371 
ST-1373 
ST-1374 
ST-1375 
ST-1376 
ST-1377 
ST-1379 
ST-1378 
ST-1380 
SN-1381 
SN-1382 

Collection 
Date 

17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
17 May 62 
18 May 62 
18 May 62 
18 May 62 
21 May 62 
21 May 62 
21 May 62 
21 May 62 
21 May 62 
21 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
22 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
24 May 62 
28 May 62 
28 May 62 
29 May 62 
29 May 62 
29 May 62 
29 May 62 
29 May 62 
29 May 62 
29 May 62 
29 May 62 
30 May 62 
30 May 62 

Latitude 

70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
290N-240N 
230N-150N 
30oN-19oN 
30oN-16oN 
30oN-15oN 
640N-570N 
40oN-31oN 
350N-310N 
90oN-80oN 
90oN-80oN 
880N 
85oN-60oN 
85oN-60oN 
80oN-60oN 
640N 
650N-630N 
640N 
640N-630N 
640N-490N 
640N-490N 
640N-490N 
490N-370N 
370N-310N 
490N-430N 
640N 
640N 
640N 
640N 
640N 
30oN 
30oN 
30oN 
30oN 
30oN 
30oN 
30oN 
30oN 
648N-490N 
490N-320N 
650N-630N 
660N-650N 
640N-630N 
660N-650N 
640N-490N 
64'N-490N 
490N-310N 
490N-310N 
630N-490N 
49oN-310N 

505 

Altitude 

('<"■) 

13.6 
15.2 
16.7 
18.3 
19.9 
16.8 
16.8 
18.2 
19.8 
20.3 
16.8 
16.8 
16.8 
11.6 
11.6 
11.6 
11.2 
12.2 
12.2 
6.1 
7.6 
9.1 

10.7 
12.2 
18.3 
20.6 
12.2 
12.2 
18.2 
12.2 
16.7 
18.2 
19.7 
20.5 
11.9 
13.6 
14.9 
16.6 
17.1 
18.6 
19.8 
20.8 
20.2 
19.8 
6.1 
7.6 
9.1 

10.7 
13.7 
19.8 
14.0 
19.7 
16.7 
16.7 

7 
pCi 13 o 
100 SCM 

1110 
1330 
1420 
1400 
1530 
2370 

658 
3280 
1520 
1370 
1310 
3260 
3300 

790 
855 
909 
584 
499 
832 
84.1 
84.9 

272 
404 
913 

1250 
1700 

925 
256 

1110 
734 
658 

1510 
1680 
4190 

61.5 
243 

1360 
1420 
2440 
1000 
1740 
1350 
1900 
1620 

117 
48.8 

318 
742 
944 

1430 
956 

.1540 
2890 
1270 



ISOTOPES, A Teledyne Company 

TABLE 115 (cont'd.) 

Sample Colled :ion Altitude pCi Be7 

No. Date Latitude 

70oN-65oN 

(km) 

12.2 

100 SCM 

ST-1383 31 May 62 824 

ST-1384 31 May 62 70oN-65oN 13.7 701 
ST-1385 31 May 62 70oN-65oN 15.3 1060 
ST-1386 31 May 62 70oN-65oN 16.8 1820 

ST-1387 31 May 62 70oN-65eN 18.3 S 3240 
ST-1388 31 May 62 70oN-65oN 20.0 1490 

ST-1389 31 May 62 30oN-15oN 16.8 588 
SF-668 31 May 62 190N-150N 18.6 5110 

ST-1391 31 May 62 240N-150N 20.3 638 

ST-1392 5 Jun 62 650N 6.1 56.3 
ST-1393 5 Jun 62 650N 7.6 74.2 

ST-1394 5 Jun 62 650N 9.1 180 
ST-1395 5 Jun 62 650N 10.7 787 
ST-1396 5 Jun 62 640N-490N 12.2 787 
ST-1397 5 Jun 62 640N-540N 15.6 <: 4480 
ST-1398 5 Jun 62 530N-490N 15.4 746 
ST-1400 5 Jun 62 640N-490N 20.4 1770 
ST-1402 5 Jun 62 40oN-32oN 12.5 180 
ST-1403 5 Jun 62 490N-310N 15.3 811 
ST-1404 5 Jun 62 490N-310N 18.4 1110 
ST-1405 5 Jun 62 490N-310N 20.1 1170 
ST-1406 7 Jun 62 640N 12.2 1060 
ST-1407 7 Jun 62 640N 13.6 744 
ST-1408 7 Jun 62 640N 15.2 1310 
ST-1409 7 Jun 62 640N 16.8 1280 
ST-1410 7 Jun 62 660N-640N 18.3 2430 

ST-1411 7 Jun 62 66oN-640N 19.9 6060 
ST-1412 7 Jun 62 660N-640N 20.4 1740 
ST-1413 7 Jun 62 30oN 12.2 56.3 
ST-1414 7 Jun 62 30oN 13.7 150 
ST-1415 7 Jun 62 30oN 15.2 366 
ST-1416 7 Jun 62 30oN 16.9 652 
SF-669 7 Jun 62 30oN 17.4 8990 
ST-1417 7 Jun 62 30oN 20.0 1390 
ST-1418 7 Jun 62 30oN 21.1 1300 
ST-1419 12 Jun 62 650N 6.1 21.0 
ST-1420 12 Jun 62 650N 7.6 17.8 
ST-1421 12 Jun 62 650N 9.1 44.7 
ST-1422 12 Jun 62 650N 10.7 98.1 
ST-1423 12 Jun 62 640N-490N 13.7 849 
ST-1424 12 Jun 62 640N-490N 16.8 1510 
ST-142 5 12 Jun 62 640N-490N 19.9 2140 
ST-1426 12 Jun 62 640N-490N 20.4 2330 
ST-1427 12 Jun 62 490N-360N 13.9 410 
ST-1428 12 Jun 62 360N-310N 13.9 129 
ST-1431 12 Jun 62 490N-4üoN 19.9 2290 
ST-1432 12 Jun 62 49oN-40oN 20.2 2000 
ST-1433 12 Jun 62 40oN-310N 20.7 1510 
ST-1435 13 Jun 62 90oN-80oN 12.2 626 
ST-1434 13 Jun 62 80oN-60oN 11.0 548 
ST-1436 13 Jun 62 80oN-60oN 12.5 730 
ST-1437 14 Jun 62 70oN-65oN 12.2 866 
ST-1438 14 Jun 62 70oN-65oN 13.7 657 
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TABLE"llS (cont'd.) 

Sample Collection 

No. Date 

ST-1439 14 Jun 62 
ST-1440 14 Jun 62 
ST-1441 14 Jun 62 
ST-1442 14 Jun 62 
ST-1443 14 Jun 62 
ST-1444 14 Jun 62 
ST-1445 14 Jun 62 
ST-1448 14 Jun 62 
ST-1449 14 Jun 62 
ST-1450 15 Jun 62 
ST-1451 15 Jun 62 
ST-1452 15 Jun 62 
ST-1453 15 Jun 62 
ST-1454 15 Jun 62 
ST-1455 18 Jun 62 
ST-1456 18 Jun 62 
ST-1457 18 Jun 62 
ST-1458 19 Jun 62 
ST-1459 19 Jun 62 
ST-1460 19 Jun 62 
ST-1461 19 Jun 62 
ST-1463 19 Jun 62 
ST-1464 19 Jun 62 
ST-146 5 19 Jun 62 
ST-1466 19 Jun 62 
ST-1468 19 Jun 62 
ST-1467 19 Jun 62 
ST-1469 19 Jun 62 
ST-1470 19 Jun 62 
ST-1471 19 Jun 62 
ST-1472 19 Jun 62 
ST-1462 20 Jun 62 
ST-1473 21 Jun 62 
ST-1474 21 Jun 62 
ST-1475 21 Jun 62 
ST-1476 21 Jun 62 
ST-1477 21 Jun 62 
ST-1478 21 Jun 62 
ST-1479 21 Jun 62 
ST-1480 21 Jun 62 
ST-1481 21 Jun 62 
ST-1482 22 Jun 62 
ST-1489 22 Jun 62 
ST-1490 22 Jun 62 
ST-1491 23 Jun 62 
ST-1492 23 Jun 62 
ST-1493 23 Jun 62 
SF-683 23 Jun 62 
ST-685 24 Jun 62 
SF-1494 24 Jun 62 
ST-1497 26 Jun 62 
ST-1495 26 Jun 62 
ST-1496 26 Jun 62 

Latitude 

70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
30oN-15oN 
30oN-22oN 
30oN-15oN 
15oN-09oN 
15oN-09oN 
15oN-09oN 
15oN-09oN 
15oN-09oN 
09° N 
09oN 
09oN 
650N 
650N 
650N 
650N 
64oN-490N 
640N-490N 
620N-490N 
640N-490N 
490N-440N 
440N-310N 
490

N_440N 
490N-3rN 
490

N_440N 
440N-310N 
650N 
640N 
64° N 
640N 
640N 
640N 
640N 
640N 
30oN 
30oN 
30° N 
340N-310N 
310N-250N 
09oN-04oS 
04°8-10°S 
09oN-04oS 
02oN-02oS 
280N-230N 
250N-230N 
73oN-70oN 
73oN-60oN 
73oN-60oN 
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Altitude 
(km) 

15.3 
16.8 
18.3 
19.8 
19.9 
20.1 
16.8 
20.1 
20.5 
12.3 
15.7 
15.2 
16.8 
19.8 
13.7 
15.2 
19.8 
6.1 
7.6 
9.1 
9.1 

12.2 
15.3 
18.3 
20.1 
12.2 
12.3 
15.2 
18.3 
20.3 
21.2 
10.7 
12.2 
13.8 
15.3 
16.8 
18.3 
19.8 
20.4 
20.1 
21.0 
12.2 
20.0 
21.2 
12.2 
12.2 
18.3 
18.3 
18.4 
19.9 
11.0 
u.o 
11.9 

pCi  He7 

100 SCM 

1480 
1600 
1770 
3040 
2610 
2480 
1380 

812 
665 

S      42.3 
S      42.6 

2 54 
547 

1330 
61.4 

264 
1120 

28.8 
35.1 
25.4 
23.7 

903 
1370 
1480 
2030 

399 
*    103 

486 
1400 
2190 
2050 

53.1 
708 

1100 
2120 
1420 
1650 
2030 
3700 
1310 
1700 

162 
1980 

312 
£       51.7 

70.6 
429 

3000 
2060 

S      19.7 
472 
598 
703 
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TABLE 115 (cont'd.) 

Sample Collection 
No. Date 

ST-1498 26 Jim 62 
ST-I502 26 Jim 62 
ST-I507 26 Jim 62 
ST-1508 26 Jim 62 
ST-15I0 26 Jim 62 
ST-1511 26 Jim 62 
SF-688 27 Jim 62 
81-1512 27 Jim 62 
ST-1513 28 Jun 62 
ST-1514 28 Jim 62 
ST-1515 28 Jun 62 
ST-1516 28 Jim 62 
ST-1517 28 Jun 62 
ST-1520 28 Jun  62 
ST-1521 28 Jun 62 
ST-1526 29 Jun 62 
SF-692 29 Jun 62 
ST-1527 29 Jun 62 
ST-1528 29 Jun 62 
SF-693 29 Jun 62 
SF-694 29 Jun 62 
SF-697 3 Jul 62 
SF-698 3 Jul 62 
SF-699 3 Jul 62 
SF-695 3 Jul 62 
SF-696 3 Jul 62 
ST-1529 3 Jul 62 
SF-700 3 Jul 62 
ST-1530 5 Jul 62 
ST-1531 5 Jul 62 
ST-1532 5 Jul 62 
ST-1533 5 Jul 62 
SF-1535 6 Jul 62 
SF-1536 6 Jul 62 
SF-1537 6 Jul 62 
ST-1539 6 Jul 62 
ST-153S 6 Jul 62 
ST-1540 6 Jul 62 
ST-1541 6 Jul 62 
ST-1542 6 Jul 62 
ST-1543 10 Jul 62 
ST-1545 10 Jul 62 
ST-1547 10 Jul 62 
ST-1551 10 Jul 62 
ST-1554 11 Jul 62 
ST-1559 11 Jul 62 
ST-1558 11 Jul 62 
ST-1560 12 Jul 62 
ST-1570 13 Jul 62 
ST-1571 13 Jul 62 
ST-1574 13 Jul 62 
ST-1575 13 Jul 62 
ST-1573 13 Jul 62 
ST-1576 13 Jul 62 

Latitude 

73oN-60oN 
65° 
640N-49oN 
49<,N-310N 
48^-31^ 
480N-31oN 
190N-140N 
190N-18oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
70oN-65oN 
30^-15^ 
30oN-15oN 
09oN-10oS 
090N-048S 
04°8-09°S 
04oS-09oS 
02oN-04oS 
09oN-03oN 
09oN-02oN 
02oN-04oS 
04°8-10°S 
158N-09oN 
15oN-09oN 
0408-10oS 
099N-04oS 
6S0N-630N 
650N-640N 
640N-630N 
650N-640N 
650N-490N 
650N-490N 
650N-490N 
490N-440N 
440N-31oN 
490N-310N 
480N-310N 
490N-310N 
70oN-65oN 
70oN-65oN 
70oN-65oN 
SCN-IS^ 
900N-80oN 
280N-190N 
190N-120N 
650N 
490N-310N 
490N-31oN 
2 9^-22'N 
260N-210N 
220N-110N 
2.1oN-10oN 
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Altitude 
(km) 

11.9 
10,7 
20.3 
13.8 
20.0 
20.7 
18.3 
20.1 
12.2 
13.8 
15.2 
16.8 
18.4 
18.3 
20.1 
15.1 
19.8 
19.8 
20.3 
20.7 
21.0 
16.8 
16.8 
17.0 
18.3 
20.2 
20.4 
20.8 
6.1 
7.6 
9.1 

10.7 
15.3 
18.3 
20.2 
12.2 
12.2 
15.2 
18.4 
20.7 
12.2 
15.2 
18.3 
20.0 
12.2 
19.1 
18.8 
6.1 

16.8 
20.0 
19.9 
19.7 
19.8 
20.3 

pCi 
100 

Be' 
SOI 

483 
490 

2030 
308 

2000 
1790 
1800 

580 
2350 
1400 
1360 
1530 
2020 
1120 
1110 
142 

2000 
1800 

649 
^4000 

7080 
<L270 
£ 205 

1040 
«1490 

1250 
16400    - 
£5540 

46.3 
42.9 

1520 
221 

2390 
1540 
1060 

« 232 
S    49.9 

550 
sS 165 

1110 
533 

1330 
1400 

957 
801 

1.100 
2610 

50.9 
3020 
1460 
1160 
1210 
1250 

593 
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TABLE 115 (cont'd.) 

Sample Collection Altitude 
•7 

pC:i   Be 
No. Date Latitude 

280N-;i70N 

(km)    . 

19.6 

100 SCM 

ST-1583 19 JÜ1 62 773 
ST-1587 20 Jul 62 650N-490N 15.3 1340 
ST-1588 20 Jul 62 650N-490N 18.3 2000 
ST-1589 20 Jul 62 580N-49CN 20.4 2070 
ST-1590 20 Jul 62 650N-58aN 20.5 2020 
ST-1594 20 Jul 62 490N-360N 15.2 2250 
ST-1595 20 Jul 62 49ON-4O0N 18.6 1.480 
ST-1596 20 Jul 62 40oN-31oN 18.6 1400 
ST-1597 20 Jul 62 490N-310N 20.5 1430 
ST-1601 24 Jul 62 70oN-65oN 12.2 617 
ST-1603 24 Jul 62 70oN-65oN 15.3 2030 
ST-1605 24 Jul 62 70oN-65oN 18.4 2000 
ST-1608 24 Jul 62 31°N-:i.50N 18.3 S    130 
ST-1609 24 Jul 62 31oN-150N 20.7 S     <)?>') 
ST-1610 24 Jul 62 220N-120N 16.8 *    305 
ST-1618 26 Jul 62 650N-490N 13.7 2 92 
ST-1620 26 Jul 62 650N-490N 19.9 2110 
ST-1630 27 Jul 62 620N-490N 16.8 1380 
ST-1628 27 Jul 62 480N-310N 19.8 1480 
SF-1637 3 Aug 62 650N-490N 18.4 1940 
SF-1638 3 Aug 62 650N-490N 20.6 2170 
SF-1644 3 Aug 62 490N-310N 18.4 1510 
SF-1645 3 Aug 62 490N-360N 20.6 1440 
ST-1652 7 Aug 62 310N-17toN 20.1 727 
SF-1660 17 Aug 62 49oN-40oN 15.2 2.18 
SF-1661 17 Aug 62 490N-310N 18.3 1670 
SF-1664 21 Aug 62 31oN-20oN 18.3 1090 
SF-1665 21 Aug 62 208N-150N 18.3 854 
SF-1667 21 Aug 62 31oN-20oN 20.2 746 
SF-1666 21 Aug 62 20oN-15oN 20.0 660 
ST-1681 24 Aug 62 510N-470N 5.5 £      66.0 
ST-2515 26 Aug 62 748N-548N 18.3 .1600 
ST-2'516 26 Aug 62 740N-53oN 19.8 2020 
ST-1700 27 Aug 62 63oN-550N 5.5 £      57.] 
ST-1698 27 Aug 62 390N-350N 5. 5 £    358 
ST-1708 29 Mg 62 65*N-480N 5.5 S       56.0 
ST-1712 30 Aug 62 510N-480N 5.8 £      39.8 
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'i'he muaii tlistributlon of bex'ylliuui-7   in  the sampling corridor during 

January to March P'6:'., which  is shown   in Figure 112,  shows anomalously high con- 

cent, rat i OILS  in the northern polar stratosphere»     In Table 116 the data are listed 

lor the same time period.      These, no doubt,   resulted  Trum the artificial produc- 

tion of berylllura-7 by the 1962 Soviet test series.     It would appear from Figure 

I I'J  that the artificial beryllium-7 had  readied at   least   lot's at high altitudes 

where concentrations more  than twice as high as  the theoretical   value were   found. 

This might,   in part at least,   represent a  remnant of artificially produced 

beryllium-7 from the 1962 United States tests .    South of "JO0^ the concentrations 

found approximated the theoretical values. 

Beryllium-? and piiosphorus-32 data for samples collected at. three 

altitudes, 15,  18 and  19 km, at 65° to 70oN are shown in Figure 113 and are 

.listed   in Table   117.    The data suggest a possible seasonal trend, with high con- 

centrations  in the polar stratosphere during tlto summer months being replaced by 

low concentrations during the winter months.    Beryllium-? and phosphorus-32 data 

for equivalent altitudes   in  the  tropical stratosphere and in the southern polar 

stratosphere do not show similar trends. 

A correlation was  sought between the appearance of low beryllium-? 

and  phosphorus-32 concentrations at 650N during the winter and the shift in the 

stratospheric circulation which   is characterized  by the eastward movement onto 

the North American continent of a  high pressure system which persists over the 

northern Pacific during the  first  half of the winter.    The eastward migration 

of this high pressure  system,  associated with the disruption of the  typical pole- 

centered   Low pressure  system of the winter circulation,  occurs at the time of the 

"explosive warmings" which usually affect the upper atmosphere over North America 
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TABLE 116. Bervl] iuin-7 Activities foi • Samples 
Collected  fi*oin January 1963 Tlirouyl i Max-ch 1903 

Sample Collection Altitude pCi   Be7 

No. Date Latitude 

20oN-09oN 

(km) 

18.6 

100 SCM 

ST-2554 11 Jan 63 1740 
ST-2555 11 Jan 63 20oN-09oN 20.7 6960 
ST-2707 13 Jan 63 10oN 12.2 S      35.4 
ST-2708 14 Jan 63 100N 4.6 i      .1.6.5 
ST-2709 14 Jan 63 10oN 7.8 si      24.2 
ST-2710 14 Jan 63 40oS 4.6 S       69. S 
ST-2711 14 Jan 63 40oS 7.6 51.8 
ST-2712 14 Jan 63 40° S 12.2 277 
ST-2713 14 Jan 63 40oS 15.2 960 
ST-2714 14 Jan 63 40oS 18.3 1670 
ST-2715 14 Jan 63 41eS-420S 20.0 806 
ST-2558 17 Jan 63 09oN-108S 18.0 428 
ST-2675 17 Jan 63 150S-37oS 18.3 604 
ST-2676 17 Jan 63 15°8-38°S 20.6 .1060 
ST-2566 18 Jan 63 650N-490N 15.2 1920 
ST-2572 18 aan 63 650N-49oN 18.4 8140 
ST-2577 18 Jan 63 650N-490N 20.4 S 4340 
ST-2567 18 Jan 63 490N-290N 15.2 4830 
ST-2578 18 Jan 63 49oN-30oN 20.7 SJ12300 
ST-2722 21 Jan 63 ;I.O

0
N 12.5 <      29." 

ST-2580 22 Jan 63 70oN-65oN 12.2 1160 
ST-2585 22 Jan 63 70oN-65oK 15.2 .1.930 
ST-2590 22 Jan 63 70oN-650N 18.3 .1.1600 
ST-2597 22 Jan 63 32eN-190N 18.6 3210 
ST-2599 22 Jan 63 320N-190N 20.8 4070 
ST-4486 24 Jan 63 490N-370N 20.7 4450 
ST-4487 26 Jan 63 650N-490N 20.5 8900 
ST-264S 29 Jan 63 40° S 4.6 26.7 
ST-2646 29 Jan 63 40° S 7.6 104 
ST-2647 29 Jan 63 40° S 12.2 475 
ST-2648 30 Jan 63 72oN-70oN 4.6 63.3 
ST-2649 30 Jan 63 70oN 7.6 105 
ST-2650 30 Jan 63 350N 4.9 4.90 
ST-2651 30 Jan 63 350N-330N • 7.6 168 
ST-2652 30 Jan 63 350N 12.2 162 
ST-2926 4 Feb 63 10oN 13.1 S      56.8 
ST-2928 4 Feb 63 40oS-44oS 14.0 2 50 
ST-2929 10 Feb 63 10oN-09oN 4.6 ^      27.7 
ST-2930 10 Feb 63 :L0oN-08oN 7.6 *      26.1 
ST-2931 10 Feb 63 10° N 12.2 s:      48.6 
ST-2901 12 Feb 63 90oN-60oN 12.3 S    2 80 
ST-2902 14 Feb 63 640N-490N 12.2 1360 
ST-2903 14 Feb 63 640N-490N 15.2 2 560 
S'r-2904 14 Feb 63 640N-580N 18.3 59800 
ST-2905 14 Feb 63 640N-550N 20.9 1140 
ST-2906 14 Feb 63 490N-310N 12.2 723 
ST-2907 14 Feb 63 490N-310N 15.1 4160 
ST-2908 14 Feb 63 490N-31oN 18.4 10100 
ST-2910 14 Feb 63 09oN-06oS IS. 6 385 
ST-2 9.11 14 Feb 63 09°N-I0oS 19. S 766 
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TABLE 116 (cont'd.) 

Sample Col Lee lull Altitude pCi  i3e7 

Nu. Dal j Latitude 

160S-37oS 

(km) 

18.3 

L00 SCM 

ST-2912 14 feb 63 959 
ST-2913 14 Feb 63 160S-370S 19.8 £ 3240 
ST-2914 Il> Feb 63 7üoN-640N 12.2 1940 
ST-2915 19 Feb 63 7ü0N-640N 15.2 4500 
ST-2916 19 Feb 63 70oN-64oN 18.3 6770 
ST-2917 19 Feb (J.". 70oN-64oN 19.8 3780 
ST-2918 19 Feb 63 250N-190N 18.4 1810 
ST-29;L9 19 Feb 63 250N-.L90N 19.8 2450 
ST-2920 .19 Feb 63 2üoN-09oN 18.5 684 
ST-2921 .19 Feb 63 •JüoN-09oN 19.8 2 560 
ST-2922 LM Feb 63 658N 6.1 £ 85.9 
ST-2923 21 Feb 63 650N 7.6 47.1 
ST-2924 21 Feb 6,') 650N 9.1 £ 59.0 
ST-292S •Jl Feb 63 650N 10.7 1360 
ST-3221 10 Mar 63 1Ü0N-080N 4.6 £ 90.0 
ST-3222 10 Mar 63 10° N 7.6 £ 188 
ST-3223 10 Mar 63 10° N 12.2 450 
ST-3224 11 Mar 63 40oS 4.6 £ 76.5 
ST-3225 11 Mat- 63 40oS 7.6 £ 77.1 
ST-3226 .1.1 Mar 63 40oS 12.2 £ 202 
ST-3227 13 Mai- 63 40oS-41oS 15.2 £ 1080 
ST-3228 i;i Mar 63 40oS-41oS 18.3 £ 3280 
ST-3229 u Mar 63 42°8-43°S 20.3 £ 5440 
ST-3230 19 Mat- 63 70oN-64oN 12.2 1680 
ST-3231 19 Mar 63 70oN-64oN 15.2 3260 
ST-3232 19 Mar 63 70oN-64oN 18.3 6710 
ST-3233 19 Mat- 63 15oN-09oN 18.0 £ 3560 
ST-3235 •Jo Mar 63 7ü0N 4.6 £ 138 
ST-3236 26 Mai- 63 730N-710N 7.6 £ 474 
ST-3238 26 Mar 63 340N-330N 4.9 £ 103 
ST-3239 26 Mar 63 33° N 7.6 £ 210 
ST-3237 26 Mai- 6;: 10oN-05o\r 15.2 £ 571 
ST-3240 26 Mar 63 40oS-43oS 4.6 £ 72.0 
ST-324;i 26 Mai- 63 40° S 7.6 £ 175 
ST-3242 •Jo Ma r 63 40° S 12.2 354 
ST-3243 26 Mar 63 40oS-428S 14.3 606 
ST-3244 2 8 Mai- 63 490N-4ü0N 15.3 2810 
ST-3245 28 Mar 63 490N-330N 19.8 2910 
ST-3246 28 Mar 63 02oN-10oS 18.6 787 
sr-;rj47 28 Mai- 63 03oN-10oS 21.1 1340 
ST-3249 ■J') Mar 63 420S-450S 19.5 £ 5180 
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during late winter. During early 1962 and early 1963 the eastward movement 

of this high pressure system was accompanied by sudden decreases in the total 

beta activity of STARDUST filter samples collected over Alaska. It was anti- 

cipated that such air motions would also produce sudden decreases in concen- 

trations of cosmic ray products in the stratosphere in this region, since they 

would bring in nox'thward moving air from low latitudes, where the production 

rates of cosmic ray products are relatively low. The beryllium-7 and phosphorus-22 

concentrations and the atmospheric temperatures at 650N during October 1963 to 

March 1964 are plotted in Figure 114. The frequency of filter sample collection 

and the reliability of the radiochemical results were not sufficient to sub- 

stantiate any possible correlation between changes in temperature and in nuclide 

concentrations. 

The distributions of beryllium-7 and phosphorus-32 in the STARDUST 

sampling corridor during December 1963 are shown in Figure 115, and those during 

February 1964 and February 1965 are shown in Figures 116 and 117, respectively. 

The data are listed in Table 118 for February 1965; the other data are in Table 117. 

The concentrations are plotted over horizontal lines representing the flight tracks 

of the sampling missions. The concentration isolines in the figure indicate the 

concentrations expected in a quiescent atmosphere, and are based on figures from 

Bhandari, et al . The concentrations at 15 Km and above in the northern polar 

stratosphere during February 1964 were significantly lower than those in this 

region during December 1963 indicating the possibility that an influx of air from 

lower latitudes had recently occurred. This was not true in February 1965, but 

the data in Figure 111 suggest that a change in the pattern of the stratospheric 

circulation over Alaska may have occurred earlier, during January 1965. 
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TABLE 118.   Bery.Uium-7 and Phosphorus-32 Activities 
- for Samples Collected during February 1965 

7 •   p32 

Altitude pCl Be pCi   V 
Sample Coition ^^ Vto) V*™. ÄSSL 

Date 

ST.6995 2 Feb 65 52^-37^ 18.3 ^ f^ 
ST-6996 2 Feb 65 ^ N-37 N ^ rs6ü 14.3 
ST-6997 2 Feb 65 36N-23 N 19 0 ?o ^3 

ST-6999 3 Feb 65 ^I^N 13 1 1270 11.1 
ST-7000 3 Feb 65 1^1 s4 11 9 364                        4.36 
ST-7001 5 Feb 65 !^i^ I9 6 1120 15-0 
ST-7004              5 Feb 65 ^6 N-24 N .19 6 ^                        5>01 

ST-7003              5 Feb 65 ^/""rs 16 8 1140 19.4 
ST.7005 11 Feb 65 ^ S-47 S 1^. ^^ 
ST-7006 11 Feb 65 ^8 S-47 S 18.3 6o 24> 

ST.7007 11 Feb 65 ^„S^K 152 - C70'1) ST-7008 16 Feb 65 75 N-67 N 15 2 ^ 23 

ST-7009 16 Feb 65 ^'fJ ^ 3 - l2-5 

ST-7015 16 Feb 65 ]\JrVrl i9 g 938 12-2 
ST-7016 16 Feb 65 lLS'frl 21 0 1260 14.3 
«?T.7017 16 Feb 65 22 S-37 S '^y                                                  4#g6 

SI-7023 JO Kf« 67^8^ 1| _                        12.7 

ST-7024 20 Feb 65 58 «-4' N 
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Comparisons of measured ratios of cosmic ray produced isotopes to 

the corresponding predicted ratios can provide information on the circulation and 

^ 32    33 mixing patterns of the stratosphere and troposphere      . The ratios      P/    P 

7      32 arid    Be/    P may be of particular interest since all are of cosmogenic origin 

and have relatively short half-lives. 

The data for phosphorus were not sufficiently plentiful for 

analysis on a month-to-month basis for all altitudes and latitudes in the sampl- 

ing corridor.    Averages of the data during the period from October 1963 to March 

1964 for beryllium-7 and phosphorus-32 are shown in Figures 118 and 119 respective- 

7      32 32    33 
ly, and the ratios    Be/   P and      P/   P for the same pei'iod of time are shown in 

Figures 120 and 121.      The data in tabular form for the ratios are given in 

Table 117.    From the predicted beryllium-7 and phosphorus concentrations of 
62 

Bhandari et al.       ,  shown by the isolines in Figure 115, the predicted ratio 

7      32 Be/    P should range between 100 and 120.      The measured ratios (with some 

exceptions)  in the altitude range 18 to 20 km and latitude range 30oN to 30oS 

agree better with the predicted ratios than do those of lower altitude or higher 

latitude. 

The beryllium-7 concentrations show the same variances from the 

7  32 
predicted values as do the Be/ P ratios. The phosphorus-32 concentrations agree 

quite well with the corresponding predicted values over most of the ranges of 

latitudes and altitudes. The predicted ratio  P/ P of Lai and Peters 

for a  quiescent atmosphere is 1.22 irrespective of latitude or altitude. The 

measured ratios as shown in Figure 121 agree quite well with the predicted ratio. 
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Stratospheric Distribution of Sodiurn-22 

According to Bhandari et al.        the only data available considered to 

represent natural cosmic ray levels of sodium-22 were reported by Bhandari and 

AA A7 
Rama and Bhandari      . The data were accumulated between November"1960 

to August 1961 and the observed  sodium-22 concentrations are  shown in Figure 

122.      Subsequently the stratospheric sodium-22 concentrations increased' 

rapidly by two orders of magnitude by late>1962, undoubtedly due to major 

atmospheric nuclear test-series in 1961-1962• 

The'sodium-22 data accumulated during October 1963  to March 1964 

for Project STARDUST are shown in Figure 123 and are listed on Table 119.- 

In the range of 150S - 450S and 18 km - 21 km the sodium-22 concentrations 

are considerably lower than in the same ranges in the northern latitudes - 

by factors of■ approximately 4-6.   .The sodium-22 concentrations for the period 

October. 1963 to March 1964 are considerably higher than the predicted values 

for cosmogenic-produced concentrations in a quiescent* stratosphere but agree 
62 

quite well with, the observations of Bhandari et al. (Figure 8 of that reference) 

Bhandari et al. reported finding a well defined peak in the sodium-22 concen- 

trations during October.to November 1963 in filter samples collected at 20 km 

in the stratosphere of the Northern Hemisphere.  They reported further that 

during succeeding months well defined peaks occurred successively at lower 

levels in the 60° - 70oN latitude band. STARDUST data, discussed in DASA 1821, 

the Eleventh Progress Report on Project STARDUST, neither confirmed nor contra- 

dicted the observations of Bhandari et al. 
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TABLE 119.       Sod: Luni-22 Activities for Samples 
Collected  from October 1963 through March 1964 

Sample Collection Altitude 
22 

pCi Na 
No. Date Latitude 

650N-490N 

(km) 

20.2 

100 SCM 

ST-8073 10 Oct  63 7.8 
ST-8074 24 Oct  63 650N-490N 18.4 9.6 
ST-807 5 24 Oct  63 650N-490N 19.9 12.3 
ST-8076 31 Oct 63 650N-490N 20.0 8.3 
ST-8077 12 Nov 63 70oN-65oN 19.8 8.5 
ST-8078 14 Nov 63 65oN-490N 18.4 9.1 
81-8079 14 Nov  63 650N-490N 20.1 9.5 
ST-6490 14 Nov  63 150S-370S 18.3 2.4 
ST-6491 14 Nov  63 150S-370S 20.7 1.9 
ST-80S1 19 Dec  63 650N-490N 18.3 11.8 
ST-S082 19 Dec  63 65SN-490N 19.8 8.10 
ST-6495 7 Jan 64 70oN-65oN 18.3 21. 
ST-6499 7 Jan 64 20oN-09oN 18.3 0.6 
ST-6494 9 Jan 64 650N-490N 15.2 19.1 
ST-6496 9 Jan 64 650N-490N 18.3 11.8 
ST-6497 9 Jan 64 480N-320N 15.2 6.7 
ST-6498 9 Jan 64 480N-320N 18.3 6.8 
ST-5695 30 Jan 64 650N-490N 19.8 7.6 
ST-5696 30 Jan 64 470N-320N 19.8 14.2 
ST-6492 4 Feb 64 70oN-65oN 11.9 5.6 
ST-6493 5 Feb 64 650N-550N 11.9 4.1 
ST-5697 13 Feb 64 650N-490N 18.3 10.7 
ST-5698 13 Feb 64 480N-320N 18.3 9.7 
ST-5393 18 Feb  64 70oN-65oN 11.9 11.9 
ST-5394 IS Feb 64 70oN-65oN 15.2 7.4 
ST-5395 18 Feb  64 70oN-65oN 18.3 6.7 
ST-5396 18 Feb 64 70oN-65oN 19.5 9.2 
ST-5397 18 Feb  64 32oN-20oN 18.3 8.0 
ST-5399 18 Feb 64 20oN-09oN 18.3 11.2 
ST-5400 18 Feb  64 20oN-09oN 19.8 8.3 
ST-5401 18 Feb 64 38!'S-470S 18.3 3.1 
ST-5402 18 Feb  64 380S-470S 19.8 2.1 
ST-5403 19 Feb 64 38oS-390S 12.2 0.2 
ST-5404 20 Feb  64 650N-490N 9.1 0.7 
ST-5405 20 Feb  64 650N-490N 15.2. 6.7 
ST-5406 20 Feb  64 650N-490N 18.3 ■ 15.1 
ST-5407 20 Feb 64 650N-490N 19.8 8.8 
ST-5408 20 Feb  64 480N-320N 15.2 (29) 
ST-8083 20 Feb  64 480N-320N 15.2 2.99 
ST-5409 20 Feb  64 480N-320N 18.3 12.2 
ST-5410 20 Feb  64 48oN-320N 20.4 7.1 
ST-5411 20 Feb  64 150S-370S 18.0 2.0 
81-5412 20 Feb 64 150S-370S 20.1 2.8 
ST-6503 5 Mar 64 150S-370S 20.4 3.5 
ST-5674 17 Mar 64 70oN-65oN 11.9 4.3 
SF-5671 .17 Mar 64 7ü0N-650N 15.2 12.0 
ST-5672 17 Mar 64 70oN-65oN 18.3 8.4 
ST-5673 17 Mar 64 70oN-65oN 19.2 12.5 
ST-567 5 17 Mar 64 20oN-09oN 18.3 7.5 
ST-5676 17 Mar 64 20oN-09oN 21.0 13.4 
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TABLE 119 (continued) 

Sample Collection Altitude pCi Na22 

No. Date Latitude 

380S-470S 

(km)   . 

16.8 

100 SCM 

ST-6504 17 Mar 64 1.1 
ST-5677 17 Mar 64 38°8-47°S 18.3 1.7 
ST-5679 18 Mar 64 90oN-60cN 12.2 4.1 
ST-5680 18 Mar 64 650N 9.1 2.0 
ST-5681 18 Mar 64 470N-410N 11.9 3.1 

- r ST-5682 18 Mar 64 32oN-20oN 18.3 4.9 
ST-5683 18 Mar 64 32oN-20oN 20.7 10.1 
ST-5687 19 Mar 64 650N-470N 11.9 5.7 
ST-5684 19 Mar 64 650N-490N 15.2. 6.6 
ST-5685 19 Mar 64 650N-49oN 18.3 8.2 

- •. ST-5686 19 Mar 64 650N-490N 19.8 6.8 
ST-5688 19 Mar 64 480N-320N 15.2 2.8 
ST-5689 19 Mar 64 480N-320N 18.3 10.2 

. ST-5691 19 Mar 64 09oN-10oS 18.3 1.6 
ST-5692 19 Mar 64 09oN-10oS 20.7 6.2 
ST-5693 19 Mar 64 15oS-370S 18.3 0.8 
ST-6500 31 Mar 64 32oN-20oN 20.4 14.5 

n 
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CHAPTER 11. THE DISTRIBUTION OF LEAD-210 AND POLONIUM-21Ü IN THE STRATOSPHERE 

11.1 Source of Lead-210 

Uranium is a fairly common trace constituent of rocks, soils and 

natural waters. The main isotope of uranium, uranium-238 (99.27% abundance) 

is radioactive, decaying through a series of intermediate radioactive daughter 

products ultimately to stable lead-206. The predominant decay series of 

urani.um-238, which is summarized in Table 120 includes radon, which chem- 

ically behaves as a rare gas. When the uranium, or at least the immediate 

parent of radon, radium-226, is situated in rocks, soil or water close to the 

surface of the earth, some of the radon atoms produced by its decay may escape 

into the atmosphere during the few days which pass between their formation and 

their decay. When they do decay in the free atmosphere their daughter products 

will be ionized and will tend to undergo chemical reactions and to become 

attached to dust particles in the atmosphere. For the most part, the radon 

atoms which enter the atmosphere will remain in the lower troposphere, and 

their decay products will rapidly be washed out and returned to the surface of 

the earth. Some, however, will be carried into the upper troposphere or, per- 

haps, even into the lower stratosphere before they decay, and their daughter 

products may form within, or may be carried into, the stratosphere. As a result 

low concentrations of lead-210 (radium-D), bismuth-210 (radium-E), and poloniutn-210 

(radium-F) are found in filter samples of stratospheric air. 

11.2 Distribution of Lead-210 and Polonium-210 Reported by Other Workers 

68 
Burton and Stewart   measured lead-210 and polonium-210 in stratospheric 

and tropospheric air and concluded that their results substantiated the validity 

of the concept of the organized circulation of stratospheric air which had been 
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TABLE 120. 
The Predominant Decay Seriös of jJra.uutn 2 18 

Nuclide 

238 U 

Th 234 

234 Pa 

234 U 

Th 230 

Ra 226 

Rn 222 

Po 218 

Pb 214 

Bi ..214 

Po 214 

Pb 210 

Bi 210 

Po 210 

Pb 206 

Name 

I 4.51 x 109 years 

Mode of Decay 

Uranium 
a 

Uranium Xl 24.10 days 
ß~ 

Uranium X2 1.18 minutes 
ß~  (99.4% 

Uran j urn II 2.48 x  105 years a 
Ionium 7.6 x 10    years a 
Radium 1.62 x 103 years a 
Radon 3.823 days a 

■Radium A 3.05 minutes 
a (99.97^) 

Radium B 26.8 minutes P~ 
Radium C 19.7 minutes 

ß"(99.96%) 
Radium C 1.64 x 10~4 seconds a 
Radium D 22 years ß" 
Radium E 5.0 days 

ß"(~J00%) 
Radium F 138.4 days a 
Radium G stable 
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79 
proposed by Brewer , and that approximately 200 days were required for air 

which entered the stratosphere at low latitudes to leave it at raid-latitudes. 

Measurements by Rama and Honda  led them to the conclusion that the high 

concentrations found by Burton and Stewart "appear to be due to some local 

causes." Based on their own data Rama and Honda concluded that the resi- 

dence time of lead-210 in the stratosphere "is long enough to permit the 

processes of mixing to make the concentration more or less independent of 

altitude and latitude." 

62 
Bhandari et al>  , on the basis of published values of stratospheric 

lead-210 concentrations, concluded that the lead-210 content of stratospheric 

air between 55° and 75° latitude is lower than the lead-210 content of other 

atmospheric regions, and that the highest lead-210 concentrations occur in the 

equatorial stratosphere. They attributed the low values in the polar strato- 

sphere to removal of aerosols from that region by gravitational settling, with 

a mean time of settling of 36 months. They suggested intrusions of tropo- 

spheric air into the tropical stratosphere, perhaps by highly turbulent verti- 

cal mixing associated with thunderstorms, as the cause of the high lead-210 

concentrations in the tropical stratosphere. 

Martell  suggested that the distribution of lead-210 concentrations 

in the stratosphere which was noted by Bhandari et al. could have resulted from 

gravitational settling of particles of the stratospheric aerosol, to which the 

lead-210 had become attached, as these particles were carried to higher strato- 

spheric levels by quasi-horizontal motions along mixing surfaces which slope 

upward from the poles toward the equator. 
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71 
Karol  used published results of Project STARDUST raeasurements of 

lead-210 and polonium-210 in filter samples of stratospheric air to calculate 

mean values of quasi-vertical velocity and turbulent diffusion coefficients 

in the lower stratosphere. 

72 
Peirson et al.  measured the vertical gradient of lead-210 in 

the atmosphere over the United Kingdom and found that it conformed to the 

70 
diffusion models of Jacobi and Andre  (for the case of short washout times) 

73 
and of Machta . Measurements of lead-210 in the stratosphere made as part 

75,33 
of another program    using filter samples collected during 1960 and 1961, 

show that within the polar stratosphere, at least, concentrations of lead-210 

decrease with increasing altitude, and that at altitudes above the level of 

the tropical tropopause the highest lead-210 concentrations are found in the 

tropical stratosphere. Lead-210 was measured in samples collected in the 

vicinity of the jet stream in 1960 as reported by Telgadas  and Peterson 

The results of these measurements also indicate that lead-210 concentrations 

tend to decrease with increasing altitude above the level of the tropopause. 

11.3 Distribution of Lead-210 - STARDUST Measurements ,1957-1959 

In another attempt to describe the distribution of lead-210 in the 

Stratosphere, a series of samples collected during 1957 and 1958 on Project 

HASP were analyzed during Project STARDUST and the results were reported in the 

74 
Eleventh Progress Report . These data, which are summarized in Table 121 

suggest that a layer of relatively high concentrations of lead-210 exists in 

the lower stratosphere, two to three kilometers above the tropopause, and that 

concentrations decrease with increasing altitude above this layer. This dis- 

tribution is shown in Figure 124. The sampling locations at given latitudes 

and altitudes along various flight paths are identified by symbols corres- 

ponding to the number of samples analyzed.  The lines of constant radioactivity 
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in pCi per 100 SCM were derived from the mean values at each sampling point. 

Some details of the ditribution are uncertain due to the scarcity of samples 

in some regions. 

210 The accuracy of some of the Pb       measurements made by counting the 

210 Bi        daughter grown in after purification of the lead-210 was checked by also 

measuring the polonium-210  formed after lead purification.    This was done some 

three to six years after sampling so that equilibrium between the lead-210 and 

polonium 210 was assured.    Some discrepancies between the two sets of results 

were found as shown in Table 122.    The polonium-210 derived data were con- 

sidered the more reliable since they showed less scatter.    However for most 

samples the ''preferred" value is the mean of the two derived values.    Where 

it seemed possible and important to eliminate erroneous data,  polonium-210 

or bismuth-210 values which appeared too high or too low were rejected,  perhaps 

in some cases arbitrarily.    The rejection amounted to about three percent of 

the analyses. 

Table 123 compares the lead-210 concentrations with those of fis- 

sion products.    During the measurements of bismuth-210, traces of beta emitters 

remaining with the purified lead-210 from high concentrations of fission pro- 

ducts  in the air particulates could result in erroneously high values for the 

lead-210 concentration.    There  is,  however,  no apparent correlation between con- 

centrations of beta emitters and lead-210.    This lack of correlation also suggests 

the absence of bomb produced lead-'ilO.    General agreement with the distribution 

of lead-210 determined  from samples taken during the period October 1957 to July 
7 A 77 

1959 and that reported by Telegadas   and Peterson ' for the periods in 1960 

and 1961 were found 
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TABLF. 122.      Lead-'ilO Comipritrations Derived from Bismuth or Poloniuin-210 
■              "~~      Ingrowth lollowing Load Purification - Air Particulates 

Sampled  from 1957 to 1959  

pCi Pb210 pCi Ph210                                            Ci Pb210 
100 SCM 1ÖÖ J5CM                                            ^ löö' SCM 

from Bi210 from Po210       Po2:L0/Bi210       "preferred" value 

1.1A 0.81A 0.76 0.94 
1.4A (<0.06) (<0.04) 1.41 
0.94B - - 0.94 

(2.1)B 0.51C (0.24) 0.51 
1.1A 0.52A 0.46 0.83 
1.18 0.41B 0.39 0.73 
0.81B 0.70B 0.S7 0.76 

(2.3)A 
0.80C - - 0.80 
1.6A 1.0B 0.62 1.3 

0.87A _ 0.87 
0.24C - - 0.24 
1.1A 0.80A 0.73 0.94 
0.803 0.33B 0.42 0.57 
1.1B 0.81B 0.71 0.98 
LIB 0.54B 0.47 0.84 
0.51B 0.56B 1.09 0.54 

(0.14)D 0.78A (5.44) 0.78 
0.59B 0.70A 1.18 0.64 
0.44B 0.73A 1.62 0.59 
0.87B 0.78A 0.89 0.83 
0.68A - - 0.68 
0.35B 0.24B 0.65 0.29 
0.51B - - 0.51 
0.41B - - 0.41 
0.67A - - 0.67 
0.56C - - 0.5 6 
0.80B 0.49A 0.62 0.64 
0.65B 0.67A 1.01 0.67 
1.2   B 0.56A 0.45 0.89 
0.51C - - 0.51 
0.35C - - 0.35 
0.62 A 0.59B 0.95 0.60 
0.54A _ - 0.54 
0.65 A 0.60B 0.93 0.64 
1.4B 0.41B 0.29 0.91 
0.86A 0.73A 0.86 0.80 
0.35C 0.44B 1.23 0.40 
0.41 A - - 0.4.1 

0.94A - 0.94 
1.0C 0.64D 0.61 0.83 
0.91 A 0.49A 0.54 0.70 
0.48A _ - 0.48 
0.49A _ . 0#49 

Data rejected as being incorrect are placed in parenthosn.s. 

Error % Code:    A <5, U = 5-10,  C =  10-20, D = '20-50. 
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Sample Collection 
Number Date 

ST-83 29 Aug 57 
ST-84 4 Oct 57 
ST-1 16 Oct 57 
ST-85 8 Nov 57 
ST-86 12 Nov 57 
ST-87 12 Nov 57 
ST-88 20 Nov 57 
ST-4 22 Nov 57 
ST-5 22 Nov 57 
ST-89 22 Nov 57 
ST-90 26 Nov 57 
ST-6 26 Nov 57 
ST-91 26 Nov 57 
ST-92 3 Dec 57 
ST-93 3 Dec 57 
ST-94 3 Dec 57 
ST-95 14 Dec 57 
ST-96 14 Dec 57 
ST-97 14 Dec 57 
ST-9 8 17 Dec 57 
ST-99 10 Jan 58 
ST-8 10 Jan 58 
ST-100 10 Jan 58 
ST-10 24 Jan 58 
ST-11 24 Jan 58 
ST-12 31 Jan 58 
ST-13 31 Jan 58 
ST-102 31 Jan 58 
ST-103 4 Feb 58 
ST-104 7 Feb 58 
ST-14 7 Feb 58 
ST-15 7 Feb 58 
ST-10'5 21 Feb 58 
ST-17 21 Feb 58 
STrl06 26 Feb 58 
ST^107 26 Feb 58 
ST-108 .1 Mar 58 
ST-109 1 Mar 58 
ST-18 1  Mar 58 
ST-110 5 Mar 58 
ST-111 5 Mar 58 
ST-112 11 Mar 58 
ST-19 28 Mar 58 
ST-20 28 Mar 58 

■IU:-.:-.--^.^-..  £| . v.^^ix:^..^. r-^ ■~:-l....-.,-^XJ^ii.^..^;:„.! :..:.:;,■...,,,.■ ..,,.,-^^V.,..;..;.- 
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1.11 Uli.     i ..n   •        '    l'"iU    1   . .    11 ''I    f 
liTi, pi.-10 pCi P1J210 pCi Pli2-*0 

Siiinplo • '.ul luuttoti 100 SCM 100 SCM loo iCH 
Niimlior Dato rntin lii, 210 t'iroin I'o210 po2l0/|U210 "prefornfd'1, value 

ST-21 'ix Mi'ir 8« o.4"n 0.49 
SI-'J'J •1< Mar 5 s 0.5..A - - 0.56 
ST-2M 1    \|»»'  5H 0.24A m - 0.24 
ST-2-1 1   \|ir hs U.41A - - 0.41 
ST-2S 1 Apr 5« 1.2 A - . 1.2 
ST-2« 4  Apf 88 0.57A . . 0.57 
>r-'j7 4 Api' 8« 0.5w\ m - 0.56 
ST-2« K Apr 8rt 0,38A - . 0.35 
ST-2'» ■* Apr 5.S 0. i.7A - « 0.67 
ST-LLM K Apr SJ* 0. 'Hi\ O.S'iA 0.76 0.68 
ST-ao A Apr 8« 0.4 "»A m . 0.49 
?;r-:5i 15 Apr SH O.S'IÖ m . 0.59 
!«T-32 IS Apr 8« 0.S2A . . 0.52 
ST-.'in 13 Apr SK 0.'»4I> . • 0.94 
ST-JW 25 Apr 8« 0.3 8 A • m 0.38 
ST-U5 2 May 88 0.48B 0.56A 1.15 0.51 
>r-iii. 2 May 58 0.S7A 0.43 A 0.75 0.49 
sr-as «. May U 0,620 - - 0.62 
ST-3ti «. May 5H 0. S4A . . 0.84 
^r-:?" «• May 58 0.67A . _ 0.67 
ST-3« '• May 58 0.44 a . • 0.44 
SI'-IO ii »hin 58 0.27H • . 0.27 
ST-43 u .Itui 58 0. f>0A - • 0.60 
sr-ns 20 .hsii 58 0.'.2B 0.41D 0.66 0.51 
ST-13 24 .hm 58 1.0 A - . 1.0 
ST-14 24 Jim 58 0.«>2B - . 0.92 
ST-»5 1 .luJ  58 O.XiC _ m 0.33 
ST-16 1 .InI 5.,> 0.41 C . m 0.41 
> 1-120 4 .It:!. 5t< 1.1 It 0.75A 0.66 0.95 
<I-12I 4 .liil 58 0.701) 0.65A 0.94 0.67 
ST-17 8 .Inl  5S 0.'>8B - . 0.98 
ST-I« 1.2 Sop 58 O.-l^A 0.40B 0.79 0.44 
Sl-J1' .12 Sop 58 1..2C 0.92 A 0.78 1.0 
ST-122 l'i Sup 5 s ( 3ii>)A 0.92C (0.26) 0.92 
ST-SO 1" S«'p 58 0.«)5B - - 0.95 
sr-?i 23 St-p 5.s 0.'»7H 0.75B 0.77 0.86 
ST-52 23 Sop 58 0.'»2.\ - — 0.92 
ST-53 23 Sop 58 ■• 0.o4A - 0.64 
ST-5-1 27 Sop 58 0...7A 0.80A 1.20 0.73 
ST-55 27 Sop 58 0.44 A (l.l)Ä (2.46) 0.44 
s r -51' .'!0 Sop 58 0.73 A - - 0.73 
ST-S7 30 Sop 58 0.67 A - . 0.67 
ST-5.S ], IV l: 5S 0.41 B - - 0.41 
ST-12-1 2 Oct 5.S - (0.10)C - - 
ST-.12 5 :; net 5s - 1.2A - 1.2 
ST-5'> 7 Oct  58 1.1 B - - 1.1 
5T-12«. 7 Del  5s 2.t.C 3.1C 0.84 2.8 
<r-i-_< 10 (U'V 58 0.54C 0.48B 0.88 0.51 

n.itti rojoctoil ns bt?ing incorrect arc placed in parentheses. 

r.rror % Code:    A    5,  Ii = 5-10, C = 10-20, D = 20-50. 
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TAIil.i:   .l22.r.'ontiniicicl) 

Sampio CollQüt lull 
NIIIIIIMM' Dato 

ST-I.O 10 OCÜ 58 
ST-129 14 Oct 58 
ST-«..I 14 Oet 58 
ST-62 17 Oct 58 
ST-64 19 Oct 58 
ST-131 21 Oet 5* 
ST-132 23 Oct 58 
ST-a33 22 Oct 88 
ST-13S 29 Oct 58 
ST-13fi 29 Oct 58 
.ST-7] 1 Nov 58 
ST-72 7 Nuv 58 
ST-137 16 Nov 58 
ST-74 15 Nov 58 
.ST-7S 16 Nov 58 
ST-138 18 Nov 58 
ST-140 18 NOV 58 
ST-141 20 Nov 58 
ST-76 21 Nov 58 
ST-143 21 Nov 58 
ST-77 22 Nov 58 
ST-7« 25 Nov 58 
ST-7«) 25 Nov 58 
ST-80 25 Nov 58 
ST-81 28 Nov 58 
ST-82 28 Nov 58 
ST-14S 3 Dot: 58 
ST-146 3 Doc 58 
ST-147 3 Dec 58 
ST-148 3 Dec 58 
ST-14',> 3 Doc 58 
ST-150 *  Dec So 
ST-151 9 Doc 58 
ST-152 12 Dec 58 
ST-1S3 12 Doc 58 
ST-154 12 Dec 58 
ST-J5S 12 Doc 58 
ST-156 16 Dec 58 
ST-157 16 Dec 58 
ST-15 8 16 Dec 58 
ST-.159 .1.6 Dec 58 
ST-160 19 Dec 58 
ST-161 19 Dec 58 
ST-162 19 Dec 58 
ST-163 19 Doc 58 
ST-164 23 Dec 58 
ST-1.65 23 Dec 58 

p(Jt l'lr'3 0 
loo 5Ü3 

jVom iu2'0 

0.670 
(2.5)H 
0.30B 
1.2A 
0.380 

(2.0)1. 

J.7fl 
o. «'»n 
0.8JA 
0.490 
1.10 
0.46G 
0.360 
1.60 

0.670 
0.540 
0.3KD 
1.30 
1.0A 
0.410 
1.20 
0.250 
0.520 
0.020 
0.730 
1.5D 
0.72B 
1.40 
1.00 
0.97 A 
0.730 
0.27C 

(1.9)C 
0.8(.B 
0.87B 
0.56B 
0.36B 
0.51c 
0.51C 
0.91B 
0.57B 
0.44 B 
0.56B 

PCI I'l.210 

TöTSJM- 
h'oin I'u*-'" 

I.I A 
0,33A 

0.80A 
0.64C 
0.490 
1.4A 
0.9JA 

1.1A 

0.38A 
0.25C 
0.700 

0.S40 
0.89A 

O.SlA 

0.73A 
0.51A 
0.490 
0.730 
0.730 
0.86D 
0.95B 
0.75 A 
0.75 A 
1.1 A 
0.84A 
0.29D 
0.68B 
0.65 A 
0.59A 
0.48B 
0.54B 
0.52D 
0.68 A 
0.29B 
0.44A 
0.54 A 

Data rejected as being 

Error % Code: A <5, B 

i'u2:,ü/i.r10 

(0.44) 
L.06 

(0.32) 

0.H4 
1.02 

1.02 

0.24 

1.02 
2.31 

.1.24 

2.83 
0.95 
0.79 
0.9K 
0.50 
1.21 
0.67 
0.74 
0.76 
1.45 
3.04 

(0.14) 
0.80 
0.74 
1.05 
1.30 
1.04 
1.04 
0.76 
0.51 
1.02 
0.9H 

incorrect are placed in parentheses, 

» 5-10, C = 10-20, D = 20-50. 
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pCt I'l/"10 

100 SCM 
'loviWi'iMrwiiiii' 

0.67 
I.I 
0.32 
1.2 
0.38 
0.80 
0.64 
0.4'» 
1.5 
0. K'» 
0.81 
0.4'» 
I.I 
0.46 
0.36 
J.O 
0.25 
0.70 
0.67 
0.54 
0.(4 
1.3 
J.O 
0.46 
J.2 
0.4'» 
0.5J 
0.56 
0.73 
1.1 
0.80 
1.2 
0.87 
0.86 
0.89 
0.50 
0.29 
0.7(. 
0.76 
0.57 
0.41 
0.52 
0.51 
0.80 
0.43 
0.44 
0.54 
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r.M'.l.i;   L'-'2.(('oiit IIIII.MI) 

S.iiiililt,' I'.U. QoüUon 
NumiiiT ll.lt 1! 

ST-li.u 23 Duu 58 
ST-.I«»7 23 Due 5s 
Sr-I7;t <■ .Um 5" 
$V-17A ■i •Ian 59 
ST-175 ■i .l.ni ?'» 
ST-l?«! 13 .Inn 5'> 
ST-177 1.3 .Inn 59 
SI-ITS 1" .liin S1» 
ST-J7«) 1" •Inn 59 
si-iao .Inn .V» 
ST-UJ 28 .Inn 59 
ST-1«2 2^ •Inn 89 
ST-a83 3 I'.'b 59 
sr-u.j !• Poll 59 
ST-135 II Poll 59 
ST-186 ll I'OIJ 80 
ST-187 10 IV'li 5'» 
ST-1S8 U Pol) so 
ST-180 14 Pob 59 
ST-190 14 Pob 59 
>r-i'»i 20 Pob 59 
ST-192 20 P.'li 50 
ST-193 20 Pob 50 
ST-194 24 Pob 50 
ST-195 24 Poll 51* 
ST-196 24 Pob 59 
ST-197 n Mar 59 
ST-198 ii Mar 59 
ST-190 10 Mar 5'» 
ST-UOO 1.0 Mar 59 
ST-203 13 Mar 59 
ST-202 17 Mar 59 
ST-203 .17 Mar 59 
si'-204 17 Mar 59 
ST-205 24 Mar 59 
sr-20«. 27 Mar 59 
ST-207 I. Apr 59 
ST-2OS ;■; Apr 59 
ST-209 • ■ Apr 59 
sr-2io 7 Apr 59 
ST-2L1 1.0 Apr 59 
St-2.12 10 Apr 59 
ST-213 10 Apr 50 
ST-214 1.4 Apr 50 
ST-215 1.7 Apr ?'' 
Sr-21ü 1.7 Apr 5') 

i>i:i n. 210 

100 SUM 
rum '"2^ HI- 

I. OH 
0.41C 

pCi  PI.    v 

100 scg 
(Vom I'u ,,o210/|U210 

0.7211 0. oH 
0.48A 1.13 
0.«.7A - 
Ü.7.s.\ - 

0tS9A m 

0,65 A - 

0.57A - 

0.570 - 

O.luU - 

0.59A M 

0.S1A . 

0.4 HA - 

0.57n . 

0.64A . 

0.c4A . 

0.35D . 

0.57A . 

0.70A - 
0,57A - 

0.25C - 

0.54 A - 

0.59D . 
0.62A m 

0.72 A _ 
0.4OD - 

O.oOA - 
0.60A _ 
0,540 _ 
0.44 A „ 
0.«4A _ 

Ü.30B - 
0.57 A — 

0.72 A - 

O.SOA _ 

0.54 A - 

Ü.:50B - 
0.(.7A - 
0.68 A - 
0.(«7A ■4 

0.52 A _ 
0.54 A .. 
0.5.!.B — 
0.11D _ 
0.32A . 
0.64B _ 

0.62 A - 

210 
pCl PI) 

1.6o 5t:M 
"»in.'riM'ft»!!" valuo 

0.89 
0.44 
0.67 
0.78 
0.59 
0.68 
0.57 
0.57 
0,46 
0.59 
0,51 
0,48 
0,57 
0,64 
0,64 
0,35 
0,57 
0,70 
0,57 
0,25 
0,54 
0.59 
0.62 
0.72 
0,49 
0,60 
0,00 
0,54 
0,44 
0.(4 
0.30 
0,57 
0.72 
0.59 
0.54 
0.30 
0.67 
0.68 
0.67 
0.52 
0.54 
0.51 
0.11 
0.32 
0.64 
0.62 

I 
I 
I 
I 

li.it.i  rejected as being incorrect are placed in parentheses. 

Crror fj Code:    A <5,  B = 5-10,  C = 10-20, D = 20-50. 
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TABIii;    3L22. (continued) 

Sample Collection 
Number Dote 

ST-217 .17 Apr 59 
ST-218 19 Apr 59 
ST-219 21 Apr 59 
8T-220 21 Apr 59 
ST-22.1 24 Apr 59 
ST-222 5 May 59 
ST-224 8 May 59 
ST-225 32 May 59 
ST-226 12 May 59 
ST-227 IS May 59 
ST-228 15 May 59 
ST-229 20 May 59 
ST-230 20 May 59 
ST-23J 20 May 59 
ST-232 24 May 59 
ST-233 24 May 59 
ST-234 26 May 59 
ST-235 26 May 59 
ST-236 29 May 59 
ST-237 2 Jun 59 
ST-238 9 .Jun 59 
ST-239 12 Jun 59 
ST-240 16 Jun 59 
ST-241 16 Jun 59 
ST-242 16 Jun 59 
ST-244 26 Jun 59 
ST-245 26 Jun 59 
ST-246 1 Jul 59 
ST-247 7 Jnl 59 
ST-248 10 Jul 59 
ST-249 14 Jul 59 
ST-250 21 Jul 59 
ST-25.1 21  Ju.l 59 
ST-2 52 24 Jul 59 
ST-2 5 3 24 Jul 59 
ST-254 28 Jul 59 
ST-255 28 Jul 59 
ST-256 28 Jul 59 
ST-257 28 Jnl 59 

t)Cl IM.2'10 pCj PI.210 p.;} phglO 
Torar       loo §nr m SCM 

from M£lv iVom Pofff IV'"/hl"'"       "pivfunvil" valii» 

ü.4^A - O.Js 
Ü.41A - 0.41 
0.48A - 0.4K 
0.250 - 0.25 
0.35C - 0.3* 
0.5111 - 0.5] 
0.72C - 0.72 
0.67B - 0.«.7 
0.27C - 0.27 
0.62A - 0.62 
0.54A - 0.54 
0.44 A _ 0.44 
0.5] A - 0.51 
0.«i4A _ O.i^l 
0,40A _ 0.40 
0.36B - 0.36 
0.5'M - 0.59 
O.SoA _ 0.56 
0.72 A . 0.72 
0.32 - 0.32 
0.72A - 0.72 
0.60A - O.oO 
0.57A - 0.57 
0,400 - 0.40 
0.73B - 0.73 
0.49B - 0.4'» 
0.87A - 0.K7 
0.3.HA - 0.3K 
0.22 B - 0,22 

(1.9)A 
0.64 A - 0.04 

(0.10)A 
0.72A - 0.72 
0.52 A _ 0.52 
0.36 A - 0.:{(. 
0.91A _ 0.9! 
O.Sf.A _ 0.86 
0.54 A _ 0.54 
0.97B - 0.'>7 

Dnta rejected os being incorrect are placed in parentheses. 

Error % Code: A <5, B « 5-10, C «= 10-20, D = 20-50. 
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The chief feature in the distribution derived from STARDUST data 

is the occurrence of a layer of maximum concentration in the lower Btrato- 

sphere at a height: of about 14 kilometers in the polar stratosphere but slop- 

ing upward toward the equator to a height of IS kilometers in the tropical 

stratosphere. Above this layer concentrations decrease with height. The 

highest concentrations were found in the equatorial stratosphere. 

11.4 Distribution of Lead-210 and Polonium-210 STARDUST Measurements - 1961-1963 

Analyses of lead-210 and polonium-210 were performed on a large 

number of STARDUST samples collected between June 1961 and March 1963. The 

frequency of analysis of these nuclides was decreased during 1962 as it became 

evident that it would be difficult to obtain useful data- because of contamination 

of the samples by high activities of fission products from the atmospheric 

nuclear weapons tests performed during late 1961 and during 1962. Indeed the 

levels of activity of natural lead-210 and polonium-210 in the samples are so 

low that even contamination by laboratory materials or dust may constitute a 

problem. Nevertheless some useful conclusions may be drawn from them. 

Lead-210 which enters the stratosphere from the troposphere or is 

produced in the stratosphere by decay of radon may experience a long strato- 

spheric residence time. In this event: its daughter product bismuth-210 will 

rapidly grow into equilibrium with it and, eventually, so will polonium-210. 

The curve shown in Figure 125 represents the increase in the activity ratio 

''10  ':)10 
Po" /Pb"  to be expected in lead-210 following its formation. If the strato- 

spheric residence time of lead-210 is on the order of several years the ratio 

V 10      ')|Q 
Po"" /Pb""" in stratospheric samples should approach 1.0. If the residence 

time is significantly shorter, much lower ratios should be found. 
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AGE OF Pb2IO(doys) 

300 400 500 600 

F,Gi£f. 125.    VARIATION  OF THf ACTIVITY RATIO Po 
P^F10  WITH  THE AGE   OF THE  LEAD-210 
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Data |)uii;t:-   fur a  series of samples collected in the Southern    Hemi- 

sphere (hirhiL' OrtuliLT   1.961   - April 1962 are  plotted in  Figure 126.       The 

straight    liin's drawn   through  the data  points   represent the locus of points 

for  saur '»'S   in which  pol.onium-21ü and lead-210 are approximately in radio- 

active equllihrtum.     L'he data  points  for samples which are not yet in equili- 

lirium should   I'a I I   below tlic   lines ..   Much of the scatter of the points must 

he attributed to analytical errors.    The   fact that most  points for strato- 

spheric  samples   fall   above  the   lines    suggests ■that a bias,   perhaps due to a 

calibration  error,   exists in  the data. 

In  spite of their   limitations the data in Figure   120   do permit some 

conclusions to be drawn,.     The mean values of the lead-2.10 concentrations in 

the tropical   stratosphere  (0°   - 30oS) and the  polar stratosphere (30°   - 60oS) 

are virtnally die same:     0.5±0.2  pCi/100 SOI.     The poloniuni-210 concentrations 

also agree within  the  standard deviation.     They are 0.7±0.2  pCl/100 SCM in tlje 

210       210 
tropical and 0.6x0.2   in the polar stratosphere.    The Po~    /Pb        activity ratio 

in  samples collected   in  the tropical troposphere and in the tropical tropopause 

Layer  is 0,35±0.2.     I his   is much lower than the ratio   found in stratospheric 

samples-,     1.4x0.7   in   the  tropical and  1.2iO,7  in  the  polar  stratosphere. 

The mean distributions of lead-210 and  polonium-210 in the strato- 

sphere of the N'lirlheni Hemisphere during June to September 196.1,  before debris 

from the 19öi   Soviet   tests   reached the sampling corridor, are shown in 

Figure   12"    anil   in Tahlef   12-1    and   125 •    The data  suggest  that the highest 

conc-eul rat ions ul' these nuclides occur in the tropical stratospliere and in the 

lower puiar st rat us]Miere,     Within the polar stratosphere m    Least,   the con- 

cent rat ion,- appear tu lie higher in the layer. 3 kilometers thick, which  is 

iim::ediatej\  tilmve  ; lie t rr)po[>aii.se layer, than they are in the higher stratoHnhere. 
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Pb-2IO CONCENTRATIONS (pCi/IOO SCM) 
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FIGURE 126.   CONCENTRATIONS OF Pb-210 AND Po-210 COL- 
LECTED IN THE SOUTHERN HEMISPHERE DURING OCTOBER, 
1961 - APRIL, 1962 
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FIGURE 127 CONCENTRATIONS OF POLONfUM-210, JUN 
SEP   1961 
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TABLE 124.   The Concentrations of Lead-210 (pCl/100 SCM) in tli( Stratosphere 
June - September, 1961  

Sampled Region 

Altitude 
(km) 

Eilson 
South 

(~60ON) 

Laughlin 
North 

(~40ON) 

Laughlin 
Orbit 

(3Ü0N) 

'Laughlin 
South 

(~20oN) 

Hiekam 
South 

(~10oN) 

21.3 - 0.43+0.33 (3) 0.98+0.78 (4) 1.7+1.4 (2) - 

19.8 0.54 (1) 0.65+0.21 (6) 0.54+0.14 (5) 1.0+0.62 (3) 0.64+0.22  (3) 

18.3 - 0.46+0.13  (3) 0.62+0.22 (5) - 0.56+0.11 (3) 

16.8 - 0.64+0.10  (2) 1.1+0.27  (5) - - 

15.2 - 0.57+0.40 (5) - - 1.1 +1.3     (3) 

The deviation from the mean, and in parentheses, the number of samples 
represented by each mean value follow it. 

TABLE 125.   The Concentrations of Polonium-210 (pCi/100 SCM corrected to 
plating date) in the Stratosphere, June - September 1961  

 Sampled Region  

Altitude 
(km) 

Eleison 
South 

(~60ON) 

Laughlin 
North 

(~40oN) 

Laughlin 
Orbit 

(30oN) 

Laughlin 
South 

(~20ON) 

I lie kam 
South 

(~10ON) 

21.3 - 0.43+0.06 (5) 0.60+0.14 (7) 0.65+0.05 (3) - 

19.8 0.46(1) 0.48+0.06 (9) 0.57+0.10 (7) 0.59+0.21 (6) 0.80+0.22 (5) 

18.3 - 0.62+0.11 (4) 0.57+0.10 (7) 0.72      (1) 0.52+0.05 (a) 
16.8 - 0.70+0.13  (4) 0.68+0.19 (7) - - 

15.2 - 0.43+0.21 (5) - - 0.35+0.38 (3) 

13.7 - 0.21       (1) - - - 

12.2 - 0.05       (1) - - - 

The deviation from the mean, and in parentheses, the number of:' samples 
represented by euch mean value follov; it. 
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Perhaps the data  presented in Figures 126 and 127 are too uncentain 

to support a detailed interpretation.     It is interesting^  however to compare our 

70 
results with the predictions ol' Jacobi  and Andre     who calculated the vertical 

distribution of radon-220 and  its decay products in the atmosphere by means of 

a solution of the diffusion equation which permitted them to use any vertical 

profile of the turbulent diffusion coefficient.    For the calculation of vertical 

distribution of lead-210 and polonium-210,  they used a  profile of the turbulent 

diffusion coefficient which they believed to be representative of normal tur- 

bulence conditions throughout the troposphere.    They have assumed a series of 

tropospheric residence times for lead-210 varying from 5 days to infinity and 

have calculated a distribution for each.    While none of these actually fits the 

STARDUST data,  the best agreements result from the use of 5- or 20-day residence 

times.    Longer residence times result in predicted tropospheric concentrations 

of lead-210 which are much too high.    The predicted lead-210 concentrations 

obtained using a 5-day tropospheric residence time are lower than the STARDUST 

results at all altitudes from 12.2 to 21.3 kilometers, and those obtained using 

a 20-day tropospheric residence time are higher than the STARDUST results for 

altitudes below 18 kilometers but agree with the STARDUST results at about 18 

kilometers.    Above 18 kilometers the predicted concentrations decrease very 

rapidly with altitude, a situation not confirmed by the STARDUST measurements. 

The predicted Po"    /pb"      ratios  increase rapidly with altitude above about 

6.1 kilometers,  approaching 1.0 at about 15.3 kilometers  in the case of the 

5-day tropospheric residence time and at about 18.3 kilometers  in the case of 

the 20-day tropospheric residence time. 
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Although the STARDUST rn<.'afcurementfc do not confirm the details ol" the 
id 

distributions calculated by Jacobi and Andre  , they do appear to show two 

features of those distributions: a decrease of .lead-210 coneentratiouH with 

210  2]0 
altitude above the tropopause layer, and an increase of I lie Po  /I'b   activity 

ratio to an equilibrium value of about 1.0 in the stratosphere. 

Results of measurements of tropospheric concentrations of lead-210 

and polonium-210 at 65° and 10oN during 1962 are summarized in Figure 128 . At 

650N the concentration of lea(l-210 increased with altitude, and so did the 

210  2]0 
activity ratio Po  /Pb  . The apparent age of the lead-210, calculated from 

210  210 
the Po  /Pb   ratio, increased with altitude from about a month at 7 kilometers 

210  2.10 
to well over a year in the lower polar stratosphere. (The Po" /Pb '  ratios 

are given for the plating date, on which the polonium-210 was separated from 

its pax*ent lead-210, as well as for collection date since errors in the measure- 

ment of the ratio can be increased further by correction for pulunium-210 growth 

between the collection date and plating date.) 

Few samples collected in the troposphere at 108N were available for 

measurement, so the data for that latitude may not be representative of the 

normal conditions. There was little variation of lead-210 concentration with 

altitude found in the tropical troposphere, and the age of the lead-210 appeared 

to range between about two weeks and ten weeks. 

11.5 Distribution ot: Lead-210 and I'o]oiiium-210 STARDUST Measurements - 1964-1966 

Lead-210 and polonium-210 measurements were made on a group of samples 

collected in December, ]964 to check earlier estimates of the stratospheric dis- 

210, 210 
tribution of III« Po ' /Pb   activity ratio. To minimize the likelihood that 

samples would contain interfering beta activity, the samples chosen were those 
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collected in the tropical and »uutheni polar stratosphere'.    The result!;' ol! Hit1 

analyses arc summarized in Table   126 .    Lead-21ü results given for samples 

SR-6900, SR-6901 and SR-7734 are based on recent analyses, hut  polonium-'JlO 

results for the first two are based on analyses performed in early 1965. 

The flight tracks.of the sampling missions wliicli cüllceled those 

lead-polonium samples and the approximate location of the tropopause are plotted 

in Figure   129, together with the lcad-210 and poloiuuni-210 data. 

'210      210 
The available results indicate that the Po"    /Pb       activity ratio 

in the upper troposphere is well below 1.0, but that in the lower stratosphere 

this ratio equals or even exceeds 1.0.    The two samples from 18 and 20 kilometers 
210     210 

at 38e-47eS seem to have Po     /Pb       ratios below 1.0, though admittedly the 

data are of questionable reliability. 

Samples collected during the period from December 1965 to April 1966 

were again analyzed for lead-210 after plating out the poloiiiuiii-2.10 by measur- 

ing the bi8muth-210 daughter growing in with the purified lead-230.    When the 

ratios of polonium-210 to lead-210 were calculated a number of anomalous results 

were obtained.    Consequently reanalyses of a number of samples for lead-210 were 

made by allowing the polonium-210 daughter of the bismuth-210 to grow into the 

sample.    Then the 5.3 Mev alpha from polonium-210 was measured with no inter- 

ference from traces of fission products. 

The concentrations of lead-21ü calculated from measurment of polonium-210 

and bismuth-210 arc listed in Table 127    in order of latitude.    In all the northern 

stratospheric samples the numbers derived  from the bismuth-210 dauyliter are higher 

than those derived  from polonium-210.    Among the tropical and southern samples the 

lead-210 concentrations show a higher mean value when derived from bismuth-210, 

A similar bias is found in Table   122. 
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TABLE L27.   Tin.' Atmospheric Concentrations of." Lead-210 and Polonlum-210 as Determined 
Ironi Samples Collected During Decmnljer .1965  - April 1966,  and Their Ratios 

Sample      Colloctlon Altitude Pb210    pCi/.10Q SCM    PQ
2

"
1
^ pC i. a   Po210 b 

Number Date Latitiide        (km) by ni2;iu hy'Po^lT"      loo SCM        PbSITT 

SR-7507 (, Dec 1 Moo 380-550S 15 0.57 0.73 0.65 0.9 
SR-750S 1 | Dec I9i)5 ■;8 ^-SS^'S .17 0.81 0.59 0.75 1,3 
SR-7509 7 Dec .1 9u5 17 '-3b'S .1 (1 0. 61 (0,.86)c 0.42 (0.5)c 

SR-75.11 7 Dee 1965 17°-380S 18 0.63 0.72 0.70 1,0 
SR-7512 8 Dec 1965 38°-550S 18 0.60 0.28 0.32 1.1 
SR~7735/ S Dec 1965 380-550S 18 0.30 - 0.26 
SR-7513 8 Dec 1965 380-510S 19 0.54 1.26d 0.33 
SR-'?36/ 8 Dec 1905 3S0-510S 19 0.33 - 0.32 
SR-7514 0 Doc 1965 170-340S 19 0.25 0.43 0,33 0.8 
SR-7737/ 'i Due 1965 .170-34''S 19 0.65 — 0,28 
SR-7,515 q Dec 1965 17°-360S 20 0.39 0.22 0.19 0.9 
SR-7738/ 9 Dec 1965 17°-360S 20 0.40 - 0.19 
SR-7518 21 Dec 19 65 640-55ON 12 0.51 0.71 0.71 1.0 

SR-760.1 30 Jan 1966 7S0-62ON 18 0.53 0.30 0.26 0.9 
SR-7602 30 Jan 1966 750-650N 19 0.61 0.29 0.32 1.1 

SR-7öOS •) Feb 1966 65o-50oN 19 0.32 0.28 0.29 1.0 
SR-7776 28 leb 1966 62O-50oN 18 0.43 0.27 0,31 1.1 
SR-7777 28 Feb 1966 65o-50oN 20 0.35 0.22 0.19 0.9 

SR-7784 25 Apr 196o 36o-230N 20 0.67 0.62 0.33 0.5 
SR-7785 25 Apr 1966 Ü7"N-11,S 15 0.48 0.58 0,18 0.3 
SR-7788 2b Apr 1966 3OO-10ON 15 0.30 0.44 0.14 0.3 
SR~7 789 2 7 Apr- 1966 75 l-620N .18 0.42 0.33 0.32 1.0 
SR-779:i 27 Apr 1966 750-650N 19 0.39 0.22 0.22 1.0 
SR-7792 2 7 Apr ;i966' 07ON-nos 18 1.40 0.26 0.28 1.1 
SR-7793 > - ,pr J.'ioi 0" X-Ti   S 20 0. 92 0.66 0.71 1.1 
SR-7794 Apr 196ci ii2   -55  \' 18 0.41 0.35 0.07 0.2 
SR -779r Apr I960 62°-5u 'N 19 0.38 0.22 0.15 0.7 

a . file pol ani.um-210 al   the time ol' plating was used unless the ratio was jess than 0.9. 

Thr lead-210 concentration derived  from the polonium-210  i.ngro.vth aftvrr lead purifica- 
tion was used  for the ratio. 

Ibis measurement   is questlonablt» because of the low chemical yield  In the separation, 

I lii.s measuiement v.as rejected because of the anomalously high value for the number 
derived (Vom poloniiim-2.i.O coinpared to that from the bismuth-210 in both sample and 
dupl icate. 

These samples are duplicates of preceding samples. 
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In determining the ratio ol" poloniuni-2i0 to lead-210 for the 1964 to 

1966 samples the lead-210 values derived from the poiuriiuiii-2i0 ingrowth were 

used.    In first calculating the ratio,  the polonium-210 concentration a.s measured 

on the plating date was used.    If the ratio was  Less than  1.0 +0.1 (within experi- 

mental error, a non-equilibrium value),  the polonium-210 data wert' corrected for 

decay   to the collection date and the ratio recalculated. 

Accepting the lead-210 concentrations derived  from poloniuni-210 measure- 

ments,  it may be concluded that the lead-210 concentrations  in the  18- to 20-km 

layer of the polar stratosphere are within the range 0.2 to 0..'15 pCi/100 SCM, 

while concentrations in excess of 0.4 pCi/100 SCM are typical of the 15 to 20 km 

layer of the tropical stratosphere.    These results for samples collected during 

1966 are in reasonable agreement with results for samples collected between 

October 1957 and July 1959 (see Figure 124).    Of the ten samples collected in 

210      210 
the polar stratosphere, eight have Po      /Pb        ratios between 0.8 and 1.1,   indi- 

cating a mean stratospheric residence time of one to two years for the lead-210. 

The two samples collected in the tropical atmosphere at  15 km,  mear the tropo- 

pause level,  have ratios of about 0.3,  suggesting that the  Lead-210 encountered 

there had an atmospheric residence time of about two months.    Of the three 

tropical samples collected between 18 and 20 km,  however,  two had ratios of 1.1, 

suggesting a mean stratospheric residence time  in excess of a year. 

The lead^2l0 concentrations in the samples taken  in the southern 

stratosphere during early December also agree with the 1957 to 1959 concentrations. 

A vertical profile at 17° to 38°S showed a decreasing concentration from .just 

above the tropopause to 20 kilometers changing from approximately 0.9 to 0.2 

pCi/100 SCM.    A similar gradient existed at  38* tu 550S from  15.2 to 18.3 kilo- 

meters decreasing in lead-210 concentration from 0.73 to 0.28 pCi/100 SCM. 
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Tiiu polonium-'iiO to iea(J-'210 ratios Tor all samples save on« indicate 

llfat tiiu stratosphtü'ic residence time for the lead-210 between latitudes of 17° 

and  55"  S exceeds on»-' year. 

Table*127    also shows the  four determinations of lead-210 concentra- 

tions derived  I'rom bisrauth-210 measurements done in duplicate.    These numbers 

clearly indicate the poor reproducibility which led to the decision to use 

U'ad-Jlü concentrations derived   IJ'uin polonium-210 measurements.    The reproduci- 

bility of the polonium-210 measured at the time ot" plating does,  however,  show 

.-at i s Tact ory prec i si on. 

Additional data on measurements of lead-210 and polonium-210 from air 

part idilates sampled during .1.965 and 1966 are given in Table  128 .    The lead-210 

concentrations in the table which are not marked with an asterisk wei'e derived 

from blsmuth-2.10 measurements.    Although these concentration measurements are 

suspect because of the poor reproducibility the ratios derived from them appear 

fairly consistent.    The northern tropospheric values show ratios of about 0.3 

indicating a  residence time at   between 4.6 and 7.6 km of about two months. 

Stratospheric samples at  ail  latitudes show ratios of 0,8 or greater indicating 

residence tines of one year or more.    One sample at  12.2  km and 30oN shows a 

ratio ul" ".,", which would appear anomalous. 

72 In a  recent   report.feely and Seitz "  show  from experiments with a 

simplified numericaJ  model of atmospheric transport  that the observed distri- 

bution ot" lead-'i.lü   in  the  stratosphere could  result   from an equilibrium between 

eddy diffusion and  particle settling.    They also observed a  seasonal effect on 

Lead-JJo concentrations  in the   Layer above the tropopause.    Concentratione de- 

creased during the winter of 1964-1965 and increased during the summer of 1965. 
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Finally, reraeasureraent of air particulates collected during 1963 which had 

anomalously high concentrations of lead-21ü confirmed that the values were 

in error.  The results suggest that little or none of ttie lead-21ü in 

stratospheric air particulates can be attributed to bomb tests. 

569 

 ; - ■- : J 



ISOTOPES 
A Teledyne Company 

TABLE 128 Results of measurements of lead -210 and initial poloniuiii-210 
in .samples collected during Dec ember 1965 - April 1966 

Sample Collect ion Altitude Po210 pCi/100SCM Pb21Vi Po210 

Number Date Lat i Uule 

70ON 

(km) 

4.6 

Pia tint; Date 

0.21 

100 SCM 

0.43 

Pb^U 

SR-7525 1. Dec 65 0.3 
SK-7526 1 Dec 05 7U0N 7.6 0.18 0.34 0.4 
SK-7507 6 Dec 65 380-550S 15.2 0.65 0.73* 0.9 
SR-7508 6 Dec 05 380-550S 1.6.8 0.75 0.59* 1.3 
S.K-75Ü'» 7 Dec o5 170-360S 16.2 0.47 (O.80)* 0.5 
SR-7 5.1.1 7 Dec 05 J.7Ü-380S 17.7 0.70 0.72* 1.0 
SR-7S12 8 Dec o5 380-550S 18.3 0.32 0.28* 1.1 
SR-7735t 8 Dec 05 380-550S 18.3 0.26 0.30 0.9 
SR-75iä 8 Dec 65 380-5.10S 18.6 0.33 1.26* .. 
SR-7736 8 Dec 65 380-510S 18.6 0.32 0.33 1.0 
SR-75.14 9 Dec 65 170-340S 19.2 0.33 0.43* 0.8 
SR-7737t 9 Dec 65 170-340S 19.2 0.28 0.65 0.4 
SR-7515 9 Dec 65 170-360S 20.1 0.19 0.22* 0.9 
SR-7738t 9 Dec 65 170-360S 20.1 0.19 0.40 0.2 
SR-7527 13 Dec 05 30oN 4.6 0.15 0.32 0.3 
SR-7528 13 Dec 65 30oN 7.6 0.23 0.47 0.3 
SR-7529 13 Dec 05 30ON 12.2 0.24 0.47 0.3 
SR-7S16 20 Dec 65 470-410N 11.9 0.46 0.31 1.5 
SR-7518 21 Dec 65 640-550N 11.9 0.71 0.71* 1.0 
SR-7519 21 Dec 65 640-5S0N 13.1 0.42 0.42 1.0 
SR-7521 22  Dec 65 55Ü-480N 11.9 0.59 0.66 0.9 
SR-7522 22 Dec 65 550-480N 13.1 0.71 0.40 1.8 
SR-7S2a 23 Dec 65 410-35ÜN 13.1 0.49 0.49 1.0 
SR-7524 24 Dec 05 410-350N 11.9 0.42 0.51 0.8 

SK-70Ü1 1 Jan 66 75"-620N 18.3 0.26 0.30* 0.9 
SR-7602 30 Jan oo 75O-050N 18.9 0.32 0.29* 1.1 
SR-76Ü3 31 Jan 66 330-230N 19.3 0.50 0.49 1.0 

SR-7604 .! Feb 66 750-o40N 15.2 0.61 0.44 1.4 
SR-76ÜS .1 Feb 66 750-640N 16.8 0.48 0.51 0.9 
SR-76Ü6 1 Feb 66 50o-33oN 19.6 0.60 0.45 1.3 
SR-70Ü7 1 Feb oo 23o-09oN 20.0 0.81 0.85 0.9 
SR-76Ü8 2 Feb oo 650-5ü0N .18.8 Ü.29 0.28* 1.0 
SR-7776 28 Feb oo 62ü-50ON 18.3 0.31 0.27* 1.1 
SR-7777 28 Feb oo 650-Sü0N .1.9.7 0.19 0.22* 0.9 

SR-777" 24 Apr oo 040-4"^ .1.0.8 0.48 0.57 0.8 
SK-7778 24 Apr oo 4"0-;370N 16.8 0.35 0.41 0.8 

"'    Measurement  derived   from polori.ium-210   ingrowth after lead purification, 
other .leiiil-LMO concentrations are derived from bismuth-210 ingrowth. 

t    Duplicate of."  immediately preceding sample. 
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TABLE 128 (continued) 

Sample Colled :ion Altitude 
9 "10 

Po^  pCi/lüOSCM Dl 21U f- Pb  pCi Po210 

Number Date Latitude 

50o-37oN 

(km) 

18.3 

Platin« Üate 100SCM 

0.49 

pb21U 

SR-7781 25 Apr 66 0.40 0.8 
SR-7782 25 Apr 66 50O-37oN 19.5 - 0.44 - 

SR-7783 25 Apr 66 360-230N 18.3 0.45 0.47 1.0 
SR-7784 25 Apr 66 360-230N 19.8 0.40 0.^2* 0.5 
SR-7785 25 Apr 66 Ü70N-110S 15.2 0.24 0.58* 0.3 
SR-7786 26 Apr 66 750-640N 15.2 0.34 0.34 1.0 
SR-7788 26 Apr 66 3üo-09ON 15.2 O.lfa 0.44* 0.3 
SR-7789 27 Apr 66 750-620N 18.3 0.32 0.29* 1.1 
SR-7791 27 Apr 66 750-650N 19.1 0.22 0.22* 1.0 
SR-7792 27 Apr 66 07o-lloS 18.3 0.28 0.26* 1.1 
SR-7793 27 Apr 66 Ü90N-110S 19.6 0.71 0.66* 1.1 
SR-7794 28 Apr 66 620-550N 18.3 0.13 0.35* 0.2 
SR-7795 28 Apr 66 620-560N 19.2 0.16 0.22* 0.7 

* Measurement derived from polonlum-210 ingrowth alter lead purification, 
other lead-210 concentrations derived from bismuth-210 ingrowth. 
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CHAPTER 12.   STRATOSPHERIC METEOROLOGICAL PROCESSES, MODELS 

AND DATA FROM PROJECT STARDUST 

12.I   Introduction 

In the early »lays of fallout studieä it was the hope of some workers 

in the field that obs-ervations of tracer distributions in space at various times 

would permit the proper inference of atmospheric motions, particularly in the 

.stratosphere. It is not surprising that this hope was not largely realized. 

In few, if any, cases have tracer obsei'vations led to unqualified conclusions 

concerning atmospheric motions on virtually any scale from mesoscale to global. 

Rather, it has been the direct observation of meteorological variables that 

have contributed to firm knowledge of atmospheric behavior. Important roles 

of tracer observations have been generally to verify the conclusions drawn 

from meteorological observations and to guide the construction of models for 

estimating the behavior of global scale radioactive fallout. 

In some notable cases, particularly as exemplified by the scholarly 

papers of R. E. Newell of the M.I.T. Planetary Circulations Project    there 

have been fruitful correlations of knowledge of meteorological data and informa- 

tion concerning trace material distributions.  In such studies categorical 

statements of the relative roles of tracers and meteorological data are relative- 

ly meaningless. It is the concomitant analysis of both that have, lead to 

increased understanding.  Newell's contributions will be further discussed later 

in the chapter. 

No sooner was the quest begun than the community of global fallout 

investigators fell into two camps - those favoring eddy diffusion and4those 
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favoring mean meridional circulations as the predomrnant means of transport of 

19 
trace material in the stratosphere. The findings ol feely and Spar   using 

185 
HASP data for the stratospheric distributions of W       were the first to suggest 

that transport by eddy diffusion prevailed over transport by mean meridional 

motions. Since that time numerous investigations (not to be detailed here) 

led to conclusions that although eddy diffusion is important, the effects of 

mean meridional circulations could be discerned or at least their existence 

could not be ruled out. The degree of importance accorded mean-motion trans- 

port varied with the investigator. The STARDUST model   (see also Chapter 13) 

81 
and its successor, the STREAK   model (with seasonally varying diffusion 

parameters) used eddy diffusion with no mean motions in the meridional plane 

to represent the behaviour of tracers injected into the stratosphere. Other 

82 83 
models  * " added mean circulations to the same basic formalism as the STARDUST 

and STREAK models. Though details of the model results differ, they all have a 

general resemblance to observed tracer distributions and fallout behavior. 

These, however, are model results which may not be realistic because of the 

nature of the formalism of the models. Thus the question of the relative im- 

portance of mean motions in transporting trace materials in the stratosphere 

has not been answered definitively by the two-dimensional models of eddy diffu- 

sion and advection by mean motions. The formalism of these models will be dis- 

cussed later in the chapter. 

One of the most cogent conti'ibutions to understanding the relationships 

between transport by eddy diffusion and transport by mean circulations is that 

84,85 
of Manabe and Hunt     who used a stratospheric general circulation model in 

three dimensions. In these studies the motions of the atmosphere were simulated 

by an 18-level (vertical) global network of points, for each of which the time- 
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dependent equation of motion was solved in finite difference form. The forcing 

terms of solar radiation and radiation transfer were included in the equations. 

The eddy and mean motions were presumed to be generated in a "realistic" fashion 

though some differences in the detailed features of the stratospheric circula- 

tions between the computed and observed quantities were noted. These, however, 

were not thought to have serious implications with regard to the main features 

of the dynamics generated by the model. Manabe and' Hunt's model produced 

distributions of tracer materials which were the results of complex, inter- 

related, mean circulations and eddy diffusion. Generally it was found that 

the relationship between the transport by eddy diffusion and transport by mean 

motions over a given time period depends upon the initial distribution of 

tracer, the duration of the time period, and the time since the initial injec- 

tion. Also, it was pointed out by Manabe and Hunt that significant fluctuations 

in tracer concentration distributions in their model and in the real atmosphere 

are caused by synoptic scale features of the general circulation. They state 

that "it is obviously important to consider the atmosphere in terms of troughs 

and ridges, as well as eddies and mean meridional circulations, which is the 

current fashion". 

In this chapter, after brief presentation of some concepts in strato- 

spheric general circulations and two-dimensional representations of turbulent 

diffusion, consideration will be given to the significance of STARDUST data in 

relation to meteorology. Finally, a discussion will be given of some of the 

findings of other investigators in the light of the notions and concepts dis- 

cussed in this chapter. 
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12.2 Stratospheric Transport and General Circulations 

This discussion will be concerned mainly with developing notation and 

concepts of the motions of stratospheric air so that the relationships of the 

quantities to similar quantities in the models of eddy diffusion can be readily 

discerned. It is not intended to treat here the complete details of the 

stratospheric general circulation. The reader is x'eferred to Newell   for a 

short review of the topic. 

12.2.1 General Circulation 

The atmospheric motions in the stratosphere are primarily zonal 

with there being a quasi-biennial oscillation between generally easterly and 

generally westerly in the tropics. In high latitudes the oscillation between 

easterlies and westerlies has an annual period with the westerlies generally 

87 
in the winter hemisphere. Belmont and Dartt   have noted and discussed 

interference effects of annual and biennial waves on the zonal wind patterns 

86 
in the tropics and subtropics. Newell   points out from consideration of 

energetics that the general circulation in the lower stratosphere is driven by 

the tropospheric motions. 

A suitably time-averaged velocity vector at a given point in the strato- 

sphere will have a primarily zonal direction with generally relatively small com- 

ponents in the meridional and vertical direction. At high latitudes the 

meridional component of velocity can be considerably larger than in the tropics, 

though still relatively smaller than the zonal component. 

Denoting the three respective velocity components, zonal, meridional 

and vertical, by u, v and w: 

u > v 

ü » w 

575 



ISOTOPES 
A Teledyne Company 

where the bar denotes time averages of the quantity.    The positive directions 

are respectively eastward, northward and upward. 

The custom in analysis of general circulations is to resolve instan- 

taneous values of quantities of interest, (eg. velocity,  temperature,  concentration  ) 

into average and  instantaneous deviation components as in: 

velocity:      v = v + v' 

tempersture:      T = T + T' 

concentration:       1 " ^ + q' 

The primed quantities represent the instantaneous departures of the quantities 

from their time averaged values. 

12.2.2    Stratospheric Transport 

The northward transport of a quantity,    q,    at a given  instant past 

a fixed point per unit area and unit time  (i.e.,  the instantaneous flux of q ), 

is given by 

qv  -  qv +  qv'   +  q'v +  q'v' 

The time average of this transport is 

qv   - qv +  q'v'       . (l) 

Similar expressions pertain for eastward and upward transports of    q   with 

u's and w's instead of v's.    In equation (l) the first term on the right is 

the transport from mean motions in the northward direction, and the second term 

is the transport due to non-steady or transient eddy processes. 

In considering globa]-scale motions it is frequently of interest to 

consider transports across entire latitude circles at a given height.    Also, 
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as in the consideration of STARDUST data it is of interest to represent the 

quantities as zonal averages, i.e., quantities averaged over all longitudes 

at a given latitude. 

Denoting the zonal average of a quantity by square brackets,  the 

zonal average northward transport from equation (1) is: 

[qv] =  [qv] +C~]       . 

The time-averaged quantity at a given point may be expressed as 

the sum of the zonal average for the latitude of the point and a deviation 

from the zonal average: 

q    =   [q] + q * 

v    =   [v] +  V * 

where the quantities denoted by asterisks are the deviations from the zonal 

averages. Note that all quantities in this decomposition are time averaged. 

From the above 

C qv] = C q] [ v] + C q*v*] , 

and from equation (l); 

[ qv] = C q] [ V] + C q* + V*] + [ q7^]  • (2) 

It is thus seen that time-averaged transports further averaged 

around a latitude circle have three components: 

C q] C v] ; the transport due to mean motions 

[ q'v'] ; the transport due to transient eddies 

[ q*v*] ; the transport due to standing eddies. 
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The standing eddy terms arise from the presence ot? some systematic 

relationship which may exist between q and v in various regions around the 

latitude circle. It should be noted that the relative values of nil  three 

terms may change with changes in the time-averaging interval. The Planetary 

Circulations Pi'oject at M.I.T. has used the zonal average transport formula- 

tion ot* equation (2) to analyise stratospheric motions and transport properties. 

Observations of wind and temperature by balloon-sondes at more than 2ÜÜ stations 

over the globe have provided data for computations of ti'ansports of heat, en- 

88 89 
ergy and momentum. From these, the energetics   and mean motions   in the 

stratosphere have been computed. 

89 
Vincent   has calculated the velocities associated with mean 

meridional circulations by applying the zonal avei'aging procedure ;;imultaneously 

to the thennodynamic equation, the zonal momentum equation and th-.-; equation of 

continuity. Figure 130 and Tables 129 and 130 are reproduced from Vincent's 

89 
paper   to show th»: nature of the meridional flow patterns and the magnitudes 

of the vertical and meridional velocities. 

12.2.3 Ozone Transport 

In order to apply the techniques of such analyses to tracer trans- 

ports it is necessary to have simultaneous measurements of the winds and the 
90,91 

tracer concentrations. Newell     has provided some crude hemispheric analy- 

ses of ozone transport by assuming that the ozone concentrations in the lower 

stratosphere were proportional to the total ozone in a vertical column. (The 

latter is the quantity measured by a Dobson spectrophotometer.) Newell found 

that generally ozone is transported northward in the lower stratosphere by large- 

scale standing and transient eddies. More detailed documentation of the 
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1064 100-50 nib 1965 

Latitude 
Jan. Apr. July Oct. Jan. Apr. July Oct. 

80oN 94 -36 -  JS -4-4 34-6 09 20 -30 

75 M -10 - ii -2-3 24-4 -0-4 0-7 IS 

70 11 1« - ii -04 12« -26 - OS 3-3 

65 -   0-4 a-4 -  03 -04 S-f -4 4 -  1-2 !'• 
60 - s-i 1-3 l-l -2-1 -   l-l -41 - 0« -1-4 

55 -ii* -01 2-3. -30 -   73 -30 0-3 -M 

50 -160 -1-4 24 -24 -133 -1-2 10 -1-4 

45 -14 7 -34 0-6 -IS -13-4 -M 10 -2-6 

40 -   tl -60 -  30 -06 -   7-i -1-4 0-3 -M 

35 -   l-l -71 -   7-3 0 7 -   0« -,V3 -  31 M 

30 4t -M -10-0 0'6 3« -M -  M M 

25 IW OS -11-3 

1964 

-2"! t-2 

30-30 mb 

-S-I -IM 

1963 

»■* 

Latitude 
J«. Apr. July Oct. Jan. Apr. July Oct. 

g0oN 264 -OS 0 1 -IS S60 -4-2 1-7 -if* 

75 101 0'6 -0-3 -1-2 32-0 -3-7 0-4 -M 

70 -   7i 1-4 -0-7 -14 6« -M -Oi -«•1 

65 -«•• IS -0-3 -1-6 -   6-7 -9-3 -l-l 1-0 

60 -110 10 0'6 -M -13-7 -7-2 -0$ 0-7 

55 -14-$ OS 1-4 -21 -14« -3-2 0-4 -0-1 

SO -104 01 1-3 -01 -III -0-4 OS ••4 

45 -   tl -04 0-6 OS -  M 0-1 0-4 VI 

40 SO -06 -O'l 2-3 2« 2-4 06 M 

35 M -IS -M 4'4 6-4 3-7 M 4-i 

30 SI -I« -29 4-7 7-2 20 -0-4 S-« 

23 37 -4-I -40 

1964 

OS 00 

30-10 mb 

-M 1-0 

IMS 

w 

Lttttudt 
Jan. Apr. July Oct. Jan. Apr. July Oct. 

SO'N -IM OS 0'3 • 0 69-2 -IM 1-3 -IM 

75 -SIJ l-I -0-1 2-2 2«-4 -14-7 0-1 -IM 

70 -sta 1-6 -06 -41 -167 -17-2 -Oi - M 
65 -4S0 1-6 -0$ -71 -44-2 -IM -Oi - M 
60 -JJ'I 19 04 -M -41-1 -  9i -00 -  M 
55 -19» 1-9 1-3 -S-S -33-2 -   2-3 0-3 - «•• 
SO -   I'l 10 1-4 -1-3 -IS6 2-4 OS 10 

45 ll'4 -01 0-7 20 1-7 42 0-4 M 

40 IS« -0« -0-2 S'S 141 46 0-4 •-• 
35 14-6 -10 -0« 17 U-7 Jl 0-4 i-7 

30 III -1-7 -1-2 100 20-3 49 0-7 «-• 
2S 9S -IJ -0-3 

1964 

M 12-7 

10 mb 

36 24 

196S 

IM 

Latitude 
J«n. Apr. July Oct. Jan. Apr. July Oct. 

WN - 107-6 O't 01 IS« 70-t -140 1-2 -IM 
73 - 116 4 14 -01 44 17-4 -20-6 -0-2 -IM 
70 -  «S'6 IS -o-s -  66 -41-6 -23-6 -l-l -ll-l 
65 -   MO It -OS -13-2 -77-4 -20-2 -OS -  i-2 
60 -  S6I M 0-3 -IM -72-« -11-3 OS -  M 
S5 -  IM I'l 1-3 -  71 -40-6 -   16 09 -   1-4 
SO IM 1-7 1-4 -  04 -11-6 4-7 0« 1-7 
4S 26-S -0-3 Ot 41 11-7 6'9 07 6» 
40 »•1 -11 01 M 263 S-« 07 IM 
35 l»l -1-4 -OS IM 30-2 34 06 ll-T 
30 ISJ -1-7 00 140 30-4 63 11 12-1 
25 144 20 11 32 IM 76 34 17-T 

TABLE 129.  Mean meridional velocity (v) in units uf cm sec 

580 

-1 



ISOTOPES 
A Teledyne Company 

1964 100-50 mb l'ÄS 

Latitude 
J«. Apr. July Oct. Jan. Apr. July Ott. 

«0*N Ml -»•20 OOJ -0 01 -0 22 -0 41 - DO« -0 04 

73 l'7J -029 001 012 l'Q£ 0-44 U UH -0 21 

70 117 -024 -001 OIJ 2J2 0« 11 07 -020 

63 OS* -0» -0 07 Oil 1'JI -OOi 0 01 -0 08 

60 -012 -004 -Oil 000 014 -OJJ -0 05 001 

33 -070 002 -OOJ -Oil -0J6 -0J9 - 004 -0 05 

30 -IDS 001 007 -0-25 -IOJ -0 25 002 -0 17 

43 -10» Oil 019 -0 2J - 1U -0 13 006 -0 21 

40 -on Oil 027 -0-22 -OM ~oog 0 14 -024 

33 -on OOJ 0'2« -014 -OJI OOJ 02i -0 2J 

30 -on -8-07- 020 017 007 021 0 20 -OIJ 

23 -049 -0-20 Oil 

1964 

0J2 0-74 

50-30 mb 

0J7 004 

1%5 

OOJ 

IrttitWft 
Jan. Apr. July Oct. Ja... Apr. July Oct. 

M*N *■•» -0-J2 -001 -OOJ 0'29 0 62 - 0 0.' 0 18 

73 211 -OJJ -001 OJI 109 0J7 006 -008 

70 l-W -0-29 -002 Oil 146 OJJ OOJ -0 27 

63 •■47 -0-2» -OOJ 012 212 -0 16 OOO -0 2« 

60 -0« -017 -006 -OIJ 002 - 0 59 -0 04 -0 1« 

33 -III -001 -002 -0J6 -1JJ -0 62 -ooo -0 19 

30 -204 002 ooa -0-41 -209 -0J9 003 -029 

43 -l-M 004 016 -0J4 -IIJ -0 19 007 -029 

40 -oao 001 0-20 -0-29 -114 -0 10 0 10 -0-23 

33 -on 906 022 -019 -051 -0 01 OIJ -016 

30 O-f-s 0-09 oia OIJ 01« 016 006 -Oil 

23 OOJ 006 006 

1964 

070 IIJ 

30-10.Rib 

0J6 -008 

1965 

-017 

Utitudt 
Jan. Apr. July Oct. Jan. Apr. July Oct. 

W*N I-U -0-52 -ooa -01» 077 047 -012 012 

73 tat -OJJ -009 0-29 1'6U 0'4J -0 06 -0 01 

70 2*4 -OJO -0 07 021 404 020 -0 02 -034 

63 Ott -041 -004 001 2'4I -0J4 001 -041 

60 -MS -014 -002 -029 -UM -0-76 ooj -0 34 

33 -»•»i -019 004 -0J4 -2-47 -O/b o-os -0-34 

30 -JOO -OOJ 014 -0J5 -101 - 0 48 014 -038 

43 -»•« 001 024 -0 40 -2JJ -0 21 0-20 -0J4 

40 -II» -001 012 - 026 -1J0 -0 Oli 026 - 0 21 

33 -0«J OOJ OlS -014 -0 67 001 030 -on 
30 -001 009 010 014 900 010 026 -0 07 

25 001 -002 0'20 

1964 

0-64 09C 

10 mb 

02.. 015 

1965 

-0 16 

Latitude 
Jan. Apr. July Oct. Jan. Apr July Oct. 

»•N »••7 -0-79 -OIJ -047 I-2J -0 18 -0 24 -02« 

73 4-47 -OM -0-21 -0 04 J17 -0 06 -021 -022 

70 I'M -012 -014 -0 01 110 -0 09 - O-O'J -0 42 

63 l-U -0-7I -OOJ -012 2'42 -0 51 005 -054 

60 -!•» -0J4 007 -0-J3 -076 -0 81 012 -0 54 

53 -J-J7 -OM 014 -066 -1-26 -0 75 017 -051 

50 -Ml -019 0-21 -0 61 -196 - 0 4'J 0 24 -0 40 

45 -»•»7 -0 08 014 -016 -10J -0 2J 0J4 -026 

40 -I'M -006 047 -001 -1-72 -004 045 -010 

33 -0-91 000 OJJ OOJ -0-77 006 054 001 

30 -0J4 014 OJJ Oil -0 21 on 057 010 

23 016 0-27 0-S4 0-24 OH. 02J 0 50 0 15 

TABLE 130.  Mean vertical velocity gl) in units uT mm sec 
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northward transport of ozone by transient eddies at mid-latitudes was provided 
22 

by Hering       who analyzed  individual ozonesondes over a two year period.    Hering 

also found that almost all of the transport occurred below an altitude of 18 km. 

Both NewelJ and Hering found that the maximum transport occurs in the spring 

season.    The reason for the seasonal dependency of ozone transport is given by 

Newell as being the seasonal variation in the supply of energy from the tropo- 

sphere into the lower stratosphere.    Such variations in energy ti-ansport are 

discernible in the meteorological data analyzed by the M.I.T.  group. 

So far ozone  is the only trace material whose transports have been 

studied in the stratosphere.    With regard to equation (2) it can be said that 

(with q = ozone mixing ratio) for ozone,the second and third terms contribute 

significantly to the total transport.    The magnitude of the mean circulation 

transport term,  [ q] C v] , is uncertain because (a) of uncertainties in the 

determinations of the other terms, and (b) the uncertainty in the computation 

of    C "{]    from the existing data.    Presumably the values of    [ v]    and    t w] 
92 

are now quite reliable,        at least in low latitudes in the lewer stratosphere. 

For high latitudes there  is still considerable error associated with the means. 

12.2.4    Radioactivity and Stratospheric Transport 

The observations of radioactive trace substances, natural and 

man-made,  in the stratosphere have not been carried out in a manner to permit 

the detemination of representative zonal averages of the various transports 

in equation (2).    (It should be understood that there is an equation similar 

to (2) with   w's    instead of   v's    applicable to vertical transports and that 

what: i;; said here about equation (2) also applies to vertical transports.) 
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The facts that: 

a) no fresh debris from the late October 1958 USSK nuclear test explosions 

was intercepted in HASP, 

b) debris from the December 1962 USSR test explosions was not detected in 

the STARDUST sampling corridor until March 1963, 

certainly seem to bear out the contention that, in general, tlie concentrations 

determined in these sampling programs are not necessarily equivalent to tonally 

averaged concentrations.  In the two cases listed above, the existence of the 

quasi-stationary Aleutian anticyclone in the stratosphere most likely was 

responsible for maintaining zonal gradients in the radioactive concentrations. 

The transports associated with such a feature are by those from standing 

eddies. 

The longer debris remains in the stratosphere the less the concentra- 

tion gradients become and thus the less the transport by eddies.    However, 

stratosphere-troposphere interchange and tropospheric removal processes combine 

to maintain gradients continually. 

The data in Table 37 illustrate that relatively large vertical gradi- 

ents existed at high latitudes six months after infections in that region. 

Indeed throughout the STARDUST and HASP programs vertical gradients were always 

found near the tropopause and horizontal gx*adients were found in the vicinity of 

the tropopause gaps.    There is thus virtually no possibility of a situation 

occurring where the sole transport is by mean motions. 

12.3      Stratospheric Turbulent Diffusion 

This section will present some concepts and formalism related to the 

theories of turbulence and turbulent diffusion.    The relationship between these 

and the two dimensional models of turbulent diffusion in the stratosphere will 
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93 
be polutoil out.    The approach adopted here follows that given by Hinze 

The  instantaneous rate oT change of concentration of a material at any 

point in an  incompressible fluid ist 

5c   , 5c |__ [., ^c \ 
at    ui ax.,    ax. \  axj 

■t   r (3) 

where: 

i 

t 

F c 

D 

concentration of material (ML ) 

component ot" velocity in the i  direction.  In this 
type of notation the index i denotes the following: 

1-1 : X - direction (zonal) 

i - 2 : Y - direction (mei'ldlonal) 

1-3 : Z - direction (vertical) 

coordinate In the 1  direction 

t line 

—3 —1 sum of sources and sinks of the material (ML~  t~ ) 

2 —1 molecular transport (diffusion) coefficient (L t    ) 
(taken here to be constant). 

(In the above   list  the units of some of the quantities are shown in general 

terms where    M, L,   t    stand  respectively for mass, length and time.) 

In this notation the Einstein summation convention is to be observed. 

/ ac 
This means that any term in which an index is repeated I e.g., u. -r^ and 

1    i ax. 

ax. v ax./j really stands for the summation over all three values of the 

index. 

Equation  (3)   is  I'ick's equation which describes the processes of 

molecular diffusion ami advection in a non-turbulent fluid.    A similar equation 
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applies for the diffusion and:.convection of heat by molecular motions.    In this 

case the molecular transport coefficient becomes: 

k= -A 

where   X = beat conductivity of the fluid 

p = density of the fluid 

Cp = heat capacity at constant pressure of the fluid 

In the presence of turbulence, additional fluctuations in concentra- 

tions and velocities will occur. 

To deal with this situation it is hypothesized that the velocities 

and transported quantities fluctuate randomly about respective mean values. 

This is an hypothetical statistical model. The mean values of the quantities 

are ensemble averages, i.e., values that would be observed upon averaging the 

results over all possible realizations of an experiment designed to produce dis- 

tributions of the observable quantities. The decompositions 

c    =    c + c' 

- + • (4) 
u. -   u. + u. 
Ill 

represent the instantaneous values of concentration and velocity components 

as means (ensemble averages) plus deviations from the means (primed quantities). 

In practice, the ensemble averages cannot be obtained, so they are approximated 

as time averages in the following manner: 

T 
cit) =^J   c(t + T) dr (5) 

T 
^(t) - -if   u.tt + T) dr (6) 

o 
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The interval, T , is supposed to be large compared with the time scale of the 

turbulent motions. The time variations of the means are supposed to be signifi- 

cant over times large compared to the time scale of the turbulent motions. This 

last statement is equivalent to assuming that the spectrum of frequencies chax- 

acterizing all motions has a gap separating the portion characterizing mean 

motions from that characterizing turbulent motions. In effect, these assump- 

tions permit the time-averaged quantity c to have a time derivative. Thus 

by substituting the i-elationships (4) for the instantaneous quantities in 

equation (3) and then averaging over the interval T , the left hand side be- 

comes 

since 

at    ui ax.    ui  ax        at    ui ax.    ax. ui c 

i du. 
c       i i.,    -    0    for an incompressible fluid. ax. 

Upon averaging the right hand side and after some rearranging 

equation (3) now becomes: 

H + "1 V at" (° I, " ^ + "Fc • O 
.. 

It is at this point that,  following Boussinesq, the eddy diffusion coefficient, 

K    ,    is formally introduced by placing |. 
c 

"cli  • w 
Thus the eddy transport term, ulc' , in equation (7) is replaced by a term 

which is analogous to transport by molecular diffusion. 
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It can be seen from the form of equation (8) that    K      can be either 

a scalar or, more generally, a second order tensor.    If the  latter is cc 
considered 

then: 

-UTT5" = K. .|£ 
-i - "tj ax. ^ 

(bearing in mind that the right hand side must be summed over the three values 

of j ). 

In the turbulent atmosphere the eddy transport terms are considered 

to be vastly larger than those of molecular diffusion. Thus 

^ » ^ o,      Hi = J % l; j 
With this knowledge and using the mixing ratio of the material given by 

q = c/p 

where p = density of the fluid (ML" ), equation (7) can be written: 

PI^VCPW,)^^!^ (1O) 

where 

V/ = velocity vector of the fluid. 

This equation coupled with the equation of continuity of the fluid, 

div (pV/) = 0 , 

(if the fluid is incompressible) suffices to define the distribution of 

mixing ratio of any inert substance imbedded in the fluid. Appropriate 

initial and boundary conditions must be specified. Equations (10) and (11) 

are essentially the ones solved, in their two-dimensional forms, in the 
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various models of transport by turbulent diffusion and advection in the strato- 

sphere (see Chapter 13). In principle, the velocity vector can be measured at 

every point. This leaves only the problem of determining the proper values of 

K.. to be used. This is the crux of the whole problem of using the so-called 

K-theory. 

Again, in principle, the quantity represented by the left hand side 

of equation (9) and the gradients of concentration are observable. So the 

values of K. . could be determined if a proper set of simultaneous observa- 

tions of concentration and velocity averaged over the appropriate time interval 

and over a suitably small space increment in the domain of interest were avail- 

able. 

Equations similar to (9) can be written for turbulent transports of 

momentum components, heat, and kinetic energy, each with their own coefficient 

of eddy diffusion similar to K.. . The coefficients are theoretically differ- 

ent because of the different manner in which each quantity exchanges its proper- 

ties with the surrounding medium. There is an extensive body of literature on 

various types of so-called mixing-length hypotheses which have been made in 

attempts to gain further insight into eddy-transport processes. In their present 

application to the atmosphere, these hypotheses result in the introduction of 

certain time and length scales which serve as parameters in place of the K's. 

The time scales have relevance in defining the lower limits for the averaging 

interval, T , in equations (5) and (6). These considerations will not be 

93 
pursued further here.  The interested reader is referred to Hinze   or other 

texts on turbulence. For the purposes of the present discussion it is sufficient 

to note that: 
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(a) In the stratosphere there have been no measurements of trace material 

concentrations in sufficient detail to permit determination of K..fs 
'.1 

by means of equation (9). 

(b) Because of (a) the use of equation (10) to represent transport of 

trace material means that K. . must be treated as a parameter 

rather than a theoretically or experimentally detexiuined quantity. 

It is further to be noted that equation (10) does not contain any terms 

specifically related to transport by standing eddies in its two-dimensional form. 

(In this form the quantities Vt  and q are merely replaced by their zonal 

averages.) This means that any real effects due to standing eddies must be 

included in V/ and K. ..  And this means that to the extent that V/ includes 
ij   

effects of standing-eddy transport^ it is also a parameter.  In effect, if 

shifts in quasi-stationary features of the stratospheric circulation occur 

during the modelled season, the quantities V and K,. -^  in equation (1) 

may not be equivalent to the (observable) quantities [ v], [ w] and -Cv'q'], 

[w'q'] in equation (2).  Also care must be exercised in applying equation (10) 

to represent concentration distributions at too early times after single injec- 

tions. This last point arises from the requirement that the interval T be 

sufficiently large. 

12.4  Models and Interpretation of Stratospheric Concentrations of Radionuclides 

84,85 
The general circulation model of the stratosphere of Manabe and Hunt 

can be used to provide understanding of the nature of stratospheric transport 

processes. It has shown that transport by mean motions and by eddy diffusion 

are important and that the processes act in a complicated intexrrelated fashion 

depending upon time and initial distribution of the material or dynamic property 

being transported. The two-dimensional models of diffusion and advection have 
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the processes built into tlie equations, so that new understanding of the processes 

docs not result from application of the models. The general circulation model 

requires so much computer time that it is quite impractical at present to use it 

for simulating the behavior of radioactive uuclides from nuclear explosion in- 

jections (or other materials) over time periods of the order of two to five years. 

It was for the express purpose of doing this that the STARDUST and other models 

of stratospheric transport were constructed. 

94 , 
Krey   has shown that box-models (first order kinetics transfer from 

one compartment to another) with a sufficient number of compartments can be made 

to give reasonable accountancy for hemispheric inventories. This is perhaps the 

simplest type of model. With it thei'e is no attempt to simulate concentration 

patterns and detailed latitudinal distribution of fallout. 

The STARDUST80, STREAlP,  and other82*83 stratospheric models of 

turbulent diffusion and advection have shown that the two-dimensional formalism 

discussed in 12.3 can simulate reasonably well some of the patterns of strato- 

spheric concentration and latitudinal profiles of fallout over periods of up to 

three years. The overall differences among models are probably not greater than 

the overall errors in the observations of the distributions being simulated. 

Since this is the case, there appears to be no compelling reason to accept any 

one model in preference to the others. It is suggested that the STARDUST and 

STREAK models may be preferable in view of the simpler scheme in the values of 

the parameters. 

It was mentioned previously that infrequent sampling and possible 

improper zonal coverage in the stratospheric radioactivity sampling programs 

give rise to inabilities to determine a) proper zonally average! concentrations 

ami b) tracer fluxes.  Since these quantities must bo known in order to deline- 
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ate the transport processes, the numerous interpretations oJ" okservaiioiifc; ah 

indicating specific mean motions must be viewed a.s educated guetswoi-k. Ti'lt-yadas 

95 
and List   ask the question, "Are particulate radioactive ti-acers iudicutive of 

stratospheric motions?"  They answer affirmatively and that answer i.-. concurred 

with herein. However, it is contended here that it cannot generally be deter- 

mined by present methods precisely what motions are indicated. For the case 

when knowledge of the general circulation of the stratosphere is available 

then it can be used to understand the observed distributions of tracer mater- 

ials. The inverse process of deducing the general circulations from tracer 

observations is impossible. 

A closing note is directed at the interpretations of the behavior of 

59 96 
tracers injected at high altitudes given by List el al.   and Krey 

They have noted that upon their initial appearance in the sampling corridor, 

Pu-  from the 1964 SNAP-9A reentry burn-up, Cd   and Rh   from specific 

nuclear tests, certain isolines of concentration all descended in the polar 

stratosphere with a velocity of about 1.5 km/month. While the authors note 

that interpretations according to simple models is difficult, there is implied 

that the repeated finding of a vertical velocity of 1.5 km/month may be signifi- 

cant. In view of the foregoing discussion it is suggested here that such analyses 

of the behavior of single isolines, or "first appearances" ol: tracer materials, 

85 
are invalid. To illustrate the point reference is made to Hunt and Mauabe's 

tracer R2 in their general circulation model paper. This was a high altitude 

tracer meant to resemble ozone. During the simulation period of 180 days tracer 

concentration isolines descended in the lower polar stratosphere. An isoline 

line could be found that had a mean descent-rate of 1.5 km/month. Analysis of 
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llio experiment sliowed tliul the tracer movements were caused by complex combina- 

tlons of mean mutiuu and eddy transports during a time when the mean motions in 

the  lower stratosphere were upward and poleward north of 45° latitude. 
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CHAPTER 13.   THE STARDUST NUMERICAL MODEL OF TRANSFER AND RAINCUT OF 

STRATOSPHERIC RADIOACTIVE MATERIALS 

13.1  Introduet ion 

As a consequence of the data analyses conducted u.der the High Altitude 

Sampling Program (Project HASP) of atmospheric distributions and surface Fallout 

of radioactive material, it was readily recognized that tht' introduction of large 

amounts of artificially produced radioactive nuclides intu the stratosphere con- 

stitutes a potential health hazard on a global scale and that methods must be 

devised to evaluate and predict this hazard. Hence, a prime objective of 

Project STARDUST was to develop a numerical model to predict the transfer, mixing 

and fallout of such material introduced into the stratosphere. 

A basic numerical model in two dimensions (the meridional plane of the 

earth-atmosphere system) capable of simulating diffusion, transport, particle 

settling and tropospheric rainout was formulated. The model was progressively 

developed using guidelines based upon observed atmospheric distributions of 

radioactive material, particularly t:ungsten-l85, and upon some initial ideas of 

19 
significant atmospheric transfer processes tormulated by Feely and Spar 

The model developed as a part of Project STARDUST allowed no varia- 

tions With season in the properties of the atmosphere and the parameters used 

to describe thera. In this sense it is considered to be a "mean annual" model. 

In 19&6 model studies of Project STARDUST were reassigned to Project STREAK 

under the sponsorship of the U.S. Atomic Energy Commission. In that study 

a four-season model was developed. This led to certain improvements and 

changes, some of which will be referred to near the end of this chapter. 
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In what follows  is a summary of the  formulation of the mean annual 

numerical model and of the significant accomplishments  resulting from a large 

number of numerical experiments using tungaten-185 data to simulate a tropical 

injection cind strontiura-yo data to simulate a polar injection.    This summary was 

previously presented  in a paper presented at the International Symposium on 

Atmospheric Chemistry, Circulation und Aex'osols conducted by the Commission on 
80 

Atmospheric Chemistry and Radiouctivlty, August .18-'25,  1965, Visby,  Sweden 

Mure detailed presentation of the progress of this research effort appeared 

98 99 100 
primarily in three previous  reports on Project STARDUST     '    ' 

The  injection of tungsten-185 was associated with a series of weapon 

tests which took place at a latitude of 11.7^ from May to August 1958.    The strato- 
19 

spheric injection of tungsten-185 was estimated by Friend et al. at approxi« 

mately 54 to 87.5 megacuries (corrected for decay to 15 August 1958).    The average 

center of gravity of the injections is not accurately known, but it is assumed to 

lie within a three-kilometer layer of the lower tropical stratosphere.      The 

observed tungsten-185 distribution (two-month mean) in the lower stratosphere, 

one year after the average  injection time,  is shown in Figuve  131a*   The heavy 

line  indicates the analyst's impression of the distribution with latitude of the 

height of maximum concentration.    The striking features of the concentration dis- 

tribution art.' (a) the poleward declination of the axis of maximum concentration, 

(b) the maintenance of a center of maximum concentration slightly south of the 

original injection,  (c)  the development of a secondary maximum in north and in 

south polar regions, and (d) the large concentration gradient in the vertical just 

19 102 -,,,.. 
above the tropical   tropopause.    Feely and Spar      , Bolm      ,  Hering and Bordena-uo 

and other authors have called attention to these  features of the stratospheric dia- 

trilmtiun and pointed out similarities between the artificially produced radionuclide 

and ozone distributions  in the  lower stratosphere. 

594 

— :—'—■ ■ — _—.^__ 



ISOTOPES 
A Teledyne Company 

00 t/3 

a CO 

H 

< M 
tn 

o 

o 
z 

x w u o 
CO o 

;£ 
IO 
co 
•H 

I 
2 
U 
H 
CO o 

H 

o 

I 
OS, 

CO 

CM 
O 

es 
Of M H ec 
CO H 
M CO 
Q M a 
IO M 

H Cv 

ä a« 

i   i 

Ä SB 

10 43 

M 

(4 

(«oo aonxniv 595 (»MM) aaniuiv 

.^ 



ISOTOPES 
A Teledyne Company 

Experimentation witli the numerical diffusion model was designed to in- 

vestigate systematically tlie consequences of a general mixing model. The objective 

is to isolate the simplest model structure which yields reasonable agreement with 

the observed features of the tungsten experiment. The relevant features are con- 

sidered to be as follows: 

(1) the distribution of concentration isopleths in the stratosphere, 

(2) the decrease of central (maximum) concentration with time, and 

(3) the observed meridional distribution of the combined rainout and dry 
fallout of the tungsten-185 for the first year after injection. 

To test its general applicability, the model is further rei ired to reproduce the 

gross features of an injection in the lower polar stratosphere. The 1961 Soviet 

test series approximates this type of injection.  Figure 131b shows the strato- 

spheric distribution of strontium-90 resulting from this test series, six months 

104 
after a mean injection time  .  Due to the presence of strontium-90 from previ- 

ous tests, it was necessary to use isotopic ratio (Sr-89/Sr-90) dating to identify 

the newly injected strontium-90. This process of identifying Soviet debris was 

feasible only up to May 1962, at which time the United States introduced fresh 

debris into the stratosphere. The poleward slope of the axis of maximum concen- 

tration indicated in the Soviet data closely approximates that of the tungsten-185 

data as shown in Figure 131a. 

13.2 Numerical Model 

It is our intent to examine the possibilities of reproducing the main 

features of the observed data by means of eddy diffusion, particle settling, and 

dry and wet fallout. In the absence of general circulation terms, the two-dimensional 

anisotropic diffusion equation incorporating the effects of particle fall velocity 

and variable density is, with good approximation for our domain of interest, 
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= ■&<**>*&{*-£■]* jtif f-Nf-l 

ia + ~h M] + 7^7^ p-^Vf CD 

where: 

p = air density (gm/cm ); assumed to be a function of r only, 

q = mixing ratio of radioactive material (gm/gtn of air or 
pCi/gm of air), 

K = coefficient of eddy diffusion (cm2/sec), 

0 = particle fall velocity (cm/see), 

^ = latitude (deg), 

r = radial distance outward from the center of the earth (cm), and 

t = time (sec). 

It is to be noted that a term, (2/r)pKrr(dq/ar),  has been omitted 

from the right hand side of (1). Since the magnitude of r is of the order of 

8 
6 x 10 cm» this term is small with respect to the others and can be neglected. 

It is not possible to solve this equation analytically for a complex 

atmosphere in which the density is a function of altitude and the coefficients 

of eddy diffusion may be functions of altitude, latitude and time. Furthermore, 

there is no simple way in which rainout can be incorporated into the equation. 

The method of finite difference solutions of parabolic differential equations 
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with complex boundury and initial conditions is particularly appropriate for 

application to the problem considered in this paper. In what follows, the basis 

and principal features of the numerical model are presented. 

If the tensor defined by the diffusion coefficients in (l) is assumed 

symmetricj i.e., K, = K ,, then there exists a set of principal axes along 

which the off-diagonal or mixed derivative terms vanish. In what follows, we 

assume: 

1. The local principal axis of diffusion is known at each point in 
the numerical grid. 

2. The principal diffusion coefficients, K,, and K _, are known at 
each grid point. 

3. For the domain of interest, the r, 0 coordinate system is sufficiently 
close to being cartesian to warrant the following transformations: 

Krr = sin a Kn + cos2a K^, (3) 

/ r 

K , - K,  = cos a sin a K..., - sin a cos a K^. (4) 
rp    pt 11 22 s  ' 

who re Q is the angle between the rd0 direction (positive toward the north pole) 

and the direction of the principal diffusion of axis. The absolute value of a 

is reasonably taken to be small; thus K,.. and K  represent quasi-horizontal and 

quasi-vertical diffusion coefficients respectively. 

For numerical computations, it is convenient to express (l) in a |j,,z 

coordinate system, where u - sin 0, z ~  r - r and r ;1 the mean equatorial radius 
00 

of the earth.    Thus 
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The numerical method  involves considering an earth-atmosphere merid- 

ional plane as a grid of discrete points.    For the models presented here the 

grid consists of 840 points;  30 along the li-axis and 28 along the z-, or height 

axis.    The grid interval in the vertical is a constant 1.5 km while it is vari- 

able in the ix-direction so that there are 17 grid points in the Northern Hemi- 

sphere and 12 grid points in the Southern Hemisphere. 

An implicit,  alternating direction scheme is used to integrate (5) 

numerically because of its inherent stability in producing convergent solutions 

and for numerical convenience.    The finite difference analogue of (5)  is 

expressed by (6) and (7) which are applied alternately with successive time 

increments. 

n+1        n 
j - q 

St i\i^ 1_ 
2p 

|-   IpK       |ä] 
OZ     I        ZZ      OZ i 

2p L6z 
PK   ia 
r   ZZ   OZ 

n+1 

r 6LI o H 
(1 - *2)IW A" 

in 

+ l[i-/p CoS0K   ,-^-1 
r 6LI o p 

cos0K.   I2" 0z  6z   i 
(6) 
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(7) 

The  superscripts in equations  (b)  and  (7) above indicate values of the 

quantities at time n and time n + 1.     The alternating direction scheme is applied 

to only the second and third terms on the right In (5).    It is apparent that, with 

respect to these terms,  (6) is implicit in the z-direction and explicit in the 

li-direction while  (?)  is implicit in the |i-direction and explicit in the z-direction; 

hence the term,  "alternating direction".    All other terms on the right are explicit. 

Centered differences are used to approximate all derivatives except  for the first 

term which is evaluated as a backward difference since the  fall velocity is always 

negative.     The method of solution in two dimensions is described by Douglas 

The only modification in our case is to adjust the boundary conditions so that 

the diffusive  flux of material through the vertical and lateral boundaries of the 

system is always  zero. 

All models described  in this report  incorporate a troposphere,  tropo- 

pause,  and  stratosphere  in a manner which is schematically illustrated  in Figure  132. 

The; vertical diffusion coefficient is assumed to bo dependent on both stability 

(lapse rate) and vertical  wind  shear.    Relatively large vertical diffusion co- 

efficient values  (K,,,-,  :~- 10    to 10    era    sec    )  in the principal axis  system are 

associated with the mean annual lapse  rate of the troposphere,  while,   in  general. 
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relatively smaller (at least one order of magnitude) values of K „ are associated 

with the isothermal layers of the lower polar stratosphere. The line of diseon- 

tinuity between the large K  values of the troposphere and the smaller values 

of the stratosphere constitutes the tropopause. 

In the models which are presented in detail, particle fall velocities 

(fi) were determined as a function of altitude from calculations by Junge, Chagnon 

3 3 
& Manson    for spherical particles with 0.1 y, radius and 2 g/cm' density.  In 

the simulation of dry fallout, a value of Q = 0.3 cm/sec was used at the air- 

ground interface. This value was chosen to represent the effects of absorption, 

impaction and chemical and electrical affinities at the interface.  The necessity 

in individual cases for a larger deposition velocity than is indicated by the 

terminal velocities of small particles has been shown from experiments by 

108 
Chamberlain and Chadwick 

In some models, the region between the polar and tropical tropopause 

is treated as a "gap" region and for these cases K,.. and/or K are made rela- 

tively large as compared to their stratospheric values. 

Wet fallout, i.e., removal by precipitation, is simulated in the 

models by the periodic removal of a fractional amount of q at a fixed grid point. 

This fractional amount removed (X) is a function of latitude and height and can 

be expressed: 

X(|i,z) = a(z)p(n)q(|i,z) , (8) 

where p(|i,) is a fraction proportional to the mean annual precipitation as given 

109      . . 
by Möller    and a(z) is a height proportionality factor. The total amount 
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removed in a fixed    A^  interval is 

Y(u,t)  = 2TTr0Ap,     Xdj,^)     (z)dzdt   . 

The removal levels and values of p(|j,) and a(/,) are illustrated in 

Figure 133. In the models which are presented in detail, the fractional removal 

was accomplished every 5.0 days. A CDC 1604 computer was used for al] computa- 

tions with a time step of approximately 1.27 days. 

In order to test the validity of the transformations (2) to (4,), 

the finite difference approximation to (5), and the effect of the variable grid 

spacing (^ M,) in the |j,-direction in the Northern and Southern Hemispheres, a 

test model was run assuming the finite difference equivalent of a point source 

at (j, = 0 (the equator) and z = 21 km. The slope of the surface containing the 

-4 
principal duffusion axis was assumed constant and equal to 9.19 x 10 ; 

9  2 4  2 
K,.. = 3 x 10 cm /sec and K  ::: 10 cm /sec were the values of the diffusion 

coefficients. The transformations (2) to (4) were used to obtain K , K , and 
rr  rp 

K/y. A measure of the adequacy of (2) to (5) is the degree to which the merid- 

ional slope of the level of maximum concentration, as determined from the compu- 

tations, conforms to the assumed slope of the surface containing the principal 

diffusion axis. The extent of the agreement six months after injection is shown 

in Figure 134. The level of maximum concentration in a vertical section was 

estimated by parabolic interpolation of the computed concentrations at grid points 

bracketing the grid point at which a maximum appeared. The agreement is con- 

sidered to be satisfactoi-y and it is worth noting that the unequal grid intervals 

in the Northern and Southern Hemispheres do not seriously distort the results. 

(•J) 

I 

603 



ISOTOPES 

22 

i 

mmmmmmmmmm       Assumed    POSitiOO   Of the   Cwttr   Of 
Principal Axis System 

O S. Hemi. 
Level of Max. Cane. 

I I 
10« 20°    30°   40°    50° 

LATITUDE 

60« 70* 80« 

FIGURE 134.  SLOPE OF THE LEVEL OF MAXIMUM CONCENTRATION PREDICTED 
BY THE NUMERICAL MODEL SIX MONTHS AFTER INJECTION 
COMPARED WITH THE ASSUMED SLOPE OF THE PRINCIPAL 

DIFFUSION AXIS.    604 



ISOTOPES 
A Teledyne Company 

13.3 Tropical In.iection 

For these experiments a vertical line source representing a troplca] 

injection was assumed at y, - 0.2 (ll032,N) with a center of gravity ranging from 

19.5 to 21 km according to the specific experiment.  The results are reported 

for each of the following hypotheses; 

1. The principal diffusion axis contained in horizontal plane.'.-, (a - 0). 

2. The principal diffusion axis contained in planes parallel to potential- 
temperature surfaces in the stratosphere. 

3. The principal diffusion axis contained in planes parallel to the mean 
meridional configuration of the tropopause. 

For hypothesis 1 the horizontal diffusion coefficient (K , = K,,) 

9     10  2 
varied from 10 to 10  cm /sec. The vertical diffusion coefficient 

(K „ = K ) varied from 10 to 10 cm /sec, i.e. lO"1 cm /sec in the tropical 

3        4  2 4 
stratosphere, 6 x 10 to 5 x 10 cm /sec in the polar stratosphere, and 10 to 

5  2 
10 cm /sec in the troposphere and "gap" regions. The horizontal diffusion 

coefficient was varied strongly with both latitude and height in attempts to 

obtain the observed meridional vai'iation in the height of the maximum concen- 

tration. It was found possible to reproduce the desired stratospheric concen- 

tration patterns for only relatively small periods (l to 4 months) after injec- 

tion. Beyond these periods the altitude of maximum concentration tended to 

increase at a rate more rapid in mid and high latitudes than in equatorial 

regions. After times of 6 to 12 months the maximum concentrations exhibited 

distributions which were opposite in slope to the observed distribution, i.e., 

the altitude of maximum concentration had an upward instead of downward pole 

slope. There are two main factors contributing to this undesirable behavior. 
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The first is the effect of the vertical variation of air density.  From (5) this 

effect can be isolated as 

la = K   aa.cK1" p) + ... do) 
at   zz dz  äz 

The  sign of (3/äz)   (inp)   is always negative  so that the sign of the contribution 

of the variable density term to äq/ät is determined by the sign of äq/äz-     For 

an isolated  point source,  therefore,  the effect of the variable density term is 

to produce a positive  öq/dt above the source and a negative öq/ät below.    The 

magnitude of this effect is proportional to the magnitude of the vertical diffu- 

sion coefficient,  K     .     The second  factor comes  from the introduction of large 
zz 

vertical diffusion coefficients in the "gap" regions. These large coefficients 

were needed in order to duplicate the time rate and meridional distribution of 

surface deposition. This meridional variation of the vertical diffusion co- 

efficients in the lower stratosphere, coupled with the variable density factor 

and the tropospheric sink, caused the level of maximum concentration to rise 

more rapidly in mid latitudes than at the equator. 

It was, therefore, concluded that, within the range of diffusion co- 

efficients considered to be even remotely reasonable, it was impossible to 

reproduce correctly the meridional distributions of both the surface deposition 

and the stratospheric concentration on the basis of diffusion processes alone 

when the principal diffusion axis is assumed to be everywhere horizontal. 

The consequences of hypothesis 2, namely that the principal diffusion 

axis parallels the isentropes, were examined despite the fact that the observed 

slope of the isentropes at 20 km is less than one-half the observed slope of the 

Level of maximum concentration of the tungsten-185 distribution. It; was con- 
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sidered that suitable adjustments of K  and K  in such an inclined dilTusiun 

axis scheme might lead to better agreement than had been obtained with the hori- 

zontal axis. 

The most elaborate experiment of this type involved varying the slopes 

of the isentropes seasonally, setting the vertical diffusion coefficient in the 

"gap" region proportional to the magnitude of the monthly mean jet and fixing 

the horizontal diffusion coefficients according to the vertical and meridionu] 

distribution of the vector standard deviation of the wind (extrapolating values 

into the stratosphere). Data for these seasonal and spatial variations were 

obtained from meridional cross-sections published by the U.S. Weather Bureau 

^ 8     3 0  2;       '" 
For this set of experiments, K,.. varied from 10 to 10  cm /sec and K 

3     5  2 
varied from 10 to 10 cm /sec. 

The results were not satisfactory. The large diffusion coefficients 

in the "gap" region and the strong tropospheric rainout mechanism made it 

impossible to maintain the desired slope of the level of maximum concentration 

in the stratosphere equatorward of the "gap" region, although more satisfactory 

results were obtained poleward of the "gap" region.  The large spatial variation 

of the primed diffusion coefficients in the "gap" region tended to obscure the 

effect of the sloping principal diffusion axis.  The one positive conclusion 

from this set of experiments was that the anlsotropic model, with the prineipa] 

axis of the diffusion tensor oriented along the isentropic surfaces, did signifi- 

cantly slow down the rate of rise of the level of the maximum concentration in 

the presence of a strong tropospheric sink and relatively largo values of K 

and K  in the "gap" regions. 

Finally, hypothesis 3 was Investigated by assuming that, the quasi- 

horizontal principal diffusion axis in the stratosphere and upper troposphere 
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is approximately parallel to the mean annual tropopause configuration at all 

levels in the meridional plane.    The mean slope of the tropopause in the jet 

stream region    was determined each month from meridional cross-sections for 

111 
1958 These slopes were then averaged  for the year and located at the 

mean annual latitudinal position of the jet core.    The slope thus determined 

is about 4.1 x 10      and in the present model extends approximately from 33.5° 

to 46.5° N latitude.    The principal diffusion axis was assumed parallel to this 

tropopause  configuration from 6 km to 22.5 km;  above 22.5 km the  slopes were 

reduced  to 2.9 x lö      mostly because the slopes of the lines of constant poten- 

103 
tial vorticity as indicated by Hering and Borden decrease with altitude in 

the stratosphere.    It is recognized that the method of averaging is somewhat 

arbitrary and must be considered  in the  interpretation of the results.    This, 

however,  is not considered to be a serious drawback in the present development 

of the model. 

It was found for this last scheme that all of the observed features 

of the tungsten experiment could be reproduced with an extremely simple set of 

/ 9  2 
diffusion coefficients. A value of K  = 4 x 10 cm /sec throughout the system; 

'       3  2 
a value of K,.^ =  10' cm /sec throughout the stratosphere and a value of 

/        4 
K  = 4 x 10 throughout the troposphere were sufficient to yield satisfactory 

results. In this series of experiments it was assumed that the injection took 

place at p. = 0.2 (11032' N); at z = 18 km, q = 5.1 pCi/g of air and at z = 19.5 

km, q "- 12.9 pCi/g of air. This source configuration corresponds to a total 

injection of 70 megacuries, approximately the mid-point of the range of estimates 

of 54 to 87.5 megacuries. 
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In Figure 135 the decrease with time of centz'al concentration predicted 

by the model is compared with the observed decrease.  The meridiona'l distribu- 

tions of total deposition, one year after injection, as predicted by the model 

(101) 
and as estimated from observed data by Friend et al.    are shown in Figure 136. 

The predicted peaks occurred at the same latitudes as observed in the Southern 

Hemisphere and the Tropics while the predicted Northern Hemisphere peak 

occurred about 5 degrees north of the observed peak. Also, the relative 

magnitudes of the predicted peaks corresponded well with the observed data. 

There was, however, some disparity between the totals of global fallout repre- 

sented by the two curves.  The model indicated 45 megacuries deposited while 

the observed estimate was 61 megacuries. This difference can be attributed to 

two factors - the magnitude of the injection in the model was not large enough 

and/or the estimate of surface deposition from the observed data was too large. 

The experimental uncertainties in both of these factors are sufficient to 

account for the above mentioned disparity. The injection in the model could 

justifiably be accepted as 85 instead of 70 megacuries. Also, the estimate of 

total surface deposition by Friend et al.    for 16 months after the tungsten 

injections is 77.5 megacuries (corrected to August 15, 1958) which exceeds by 

10% the total amount initially put into the stratosphere in the model .  Indica- 

tive of the uncertainty in the estimates of surface deposition is the comparison 

, (112) 
of Hardy's    estimate of 50 megacuries for the 16 month period with the above 

77.5 megacuries value. 

Another disparity between the observed and model predicted distribu- 

tions in Figure 136 is the difference in spread of the distributions about the 

Northern Hemisphere peak. Attempts to improve the spread of the predicted dis- 

I 
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tributtMii Uy •.uijiin^ of tU* mutfiiitutlMK »•!' K.. iiml K,,,, in tliu timiiiiMpitwrM 

WMI"«   nnt üiriV-i»!'»!.    It  ii> iVlt, li>*f\«*r, ttuit »-KimM«-!jMi   ImpiMVumunt "it.' 

be «vji!/•-.! I»)   i iMUf •ia»t<ii M*U-1 In which tlwiv art» a *P<I«MIUII «hift «uriU- 

littally    i tin* iiVi.'iM""  iHmrUunttiim •«•»: a »..M.-UJI vartittlMt In tiiM «MKIII- 

XwWf »I* 11"- wi*i  rv«i:vat faviur*» 

In \li>w «r llw uiuwrtdlntit«» wf Ihr i»hiH»rvt«tl ^uiii.. UUtributlMt 

dinl «MitniliKh- of inltijl  inJtH'tluti ami wf the ninfillrit) uf i\m mm\v\ «tnu'turf 

ttm«^«* tvwulti» «ir»f futtvMmti . ji UI'I. in^ . 

|\irlhi'r «NilUrartuiy r^Milu MPIV «rhlvvoil by ll» NUIIPI with iv»|Mn't 

tw '■•   »tnttuwphrrit*   » .-j :. ...   half-tlN»« fur tlv «atvrUI.    ftw ilccrpa«« with 

tin»* «»f the »trktto«ph»rlr invuntnry in thv *.•!. I IMI» hmm pi.-n..: in rigun* 197* 

jtnl ranpttivtl t«> «tr» i.f •l«H*rw4#o rt>m»»p<itMJIn« to %aiiuu* n«-'.n n.ai r» .i.un.. 

t^li-tlM*».   An .iv«ra«r iv»i>|vm*f liütf-tliar of 7 ««nth» U inUic<itvi| fur thr 

mmltfl «luring the» flr»t lb iwmtlw afxvr InJvrtiMi.    Ttwivaftcr. tlw iv»iil«mco 

lulf-iin*- It'i*!» ti> ImivjM' tf •» ami I» «anth*.    TW*r rv«ult« an* in acrunl 

with tlk* > to '» wttlhi» putliwt«'* far •trai0»plMrrlc witvrial <mlv by frleml rt al. 

<.i..-! «41 the pf*»*ibU* rangi- nf «MgnituUr* uf injrrtian an«l »trata*plwrlr Invon- 

li.fi«** fgti^Mtoil fn« (ibwor\»«ii dat«» 

flijiir«-- l3*,l«l'M4u    iiMnpar»* tin- I!IM'I*\CH{ #1 iMtonplivHc •llytributian« 

••f tung^ttm with tlw »«tol prtw'U'tli« i>.  12 an>l 34 a»«ith# aftwr In.ivrtltNt, nmpve- 

tlvfly.    fl*'  tfrt»»«  iV^tur»*» «»f ll*' ill.««-.•■! isim«!«-»-!».* •Il*irlhiiliiin# vi'ri   »dtii»- 

I'.u-torily n'pr.»!«»*«"«! by tin- mnwrlcjl «ml««! at «■ ainl 12 mnih* afti*r In.ffftfan but 

llw »inilarity ••f fiMtuiv» IJ» m>lirt'«bl>   !••*» aftiT J4 nmnth«.    It nuiit bv bumv 

in niinl. In4rt'\«'r. tint .il'ttT "I m-nthj». tin* ohM'tMnl data af wu-h lv»g rvll«bl«r. 

Tlsi» l-spt«rt.int ttiv»i> ft'dturfi» to bt- «'i^pdri"«! bolwi«'?! thi' ubiM'^iHl anil «uilol  rcnult» 
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uii'i   (1) •Jut'ivui'f I.; It« Ijjhl  «-r 3«5 kilcatti ••   «»I* tin  I«   « I  •!    *iv|   i-.i i«.iiM<iii iM- 

llmi Tin« 'J'»0 I»« «•«^ luUlmJ«« In lulli ln'mlfttln'O-Kt IV)    • ••.   ^   '.TINM! fiMNMnitni- 

tltKi i;rtiUiuiit in t^ ltft*'i* tii)|iirul #■!r»ilu*.|i|M-1%- jtwl Mbt^«   tin   lni|ili*al In^m- 

|K1U#M  «Hui  d  CUIiaMl'I'dblr »Iri'iVllln-   il,   Itilf»  {{iMilliiit   |Ni|i<W«il>i   ft   II"     !•• • f IMII.II* 

•trdtMsitttort'i (3) UM U'luli'ii»«}   for thi li*»«!»!»«! ivnifi* ni* «»Minhii* fH>t« »tiMt Imi 

tu «tA«  t»i|udtiiiw«iiM; dml (4) •I«'V«'I«^»>iil of i*(H°«ii«lao ♦•"•i<"i*f ««r «idtlMi» i'mn»««f,- 

llMtll«!   dt   IlitfltM'   Idllttlllif. 

All»!* 24 «Mtitli* •litiiirirdiit •liriVivint- li. I*««I«°Ini fatiitt   •:!  trIUillMii 

diiftMdivil« •• »IHIWII In ri«« i*   i4".     t!«   MliiM'iMt! itata I «•H.-.iii.s d Buvi^iMil wf 

lln- truplrul fMtvr ««f mditlMun fuiH'fiitratiui WMN  liitu il«   luutbMm lh<««U|ilwiv 

wlrr^a» tliU cmitvr ninaiii» wltliin tin« vlrlnity of tlw ••(•••iiio* in ll»« «MNII'I . 

Wv obdervvtl Uat.i div t'niipiili'nil «iiilt«« iui*j»"vl dt lliiw ti*".    lu tb» ubM^ad 

fWHvnlrdlitjn ilivtributiun •.'" OMIIII» artiM* iii.fm°ti««ii IIM i^   i    w Indifttluii of 

■uVMKnt uf tlip i-fiiirr uf nwikiaun i*iiii««fii1i'al ii*ii intn UK   &.iiilKni ll»^l »pi» r» . 

As- , dt  hiitli Idtituili-i*.  IIH   lii'itfht  of II»" li'\irl  %'t ^a>\vmm «•••in'>-i*t itil I<<II rmttf 

tu 57 thi'UMnil  Ti'i't   in tin- -«mit I, lud   niai.ilii*' dl  .I;I;»I''-  i-«i«. !     -•. i'..^ .-h,|  (•..,» 

in tin* cibvc^tNl ilatd. 

1.1.4    Poior Injml lun 

Sinn.* IIM- |M.,-!.|lin il;. i',»l«lfij .,r iWtuii..,.. a^ttn .v\ \ ti«!two<iri pradicted 

jii-I lilitttMM'd ii'iiuJitj I'IM* II»M   ••.»!»•• rhwiiirt wlih m-pii-dl   Injvcticdi«!  it vwi?« 

.:■. i<!<.l i«. uxdniinc tin.- »•«.iistMiut mvs of tin- j.ani«' hypotheaJi (i.o.  ti.- prinripaJ 

.i«i-  of diffutiion parulli'l» tin* iii^pujiauM' ci.nrigui'ijtioii) m .I;IJII •<•.; in a  luwer 

pulur .sli'ulotiplii.'i'ic hi.jft-i Ion.    Inr ilij..  iim >1 iyat li.ti tli>   I"- I  Suvi«!   tent   Serien 

wa» selected »!&  ivprt'oimt-it ivi' of siioh au  ItiJccticMi« 
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T\nt I>I> • iM-.| Mtruntiuoh-MO data for tliU tout ««ri«« wtrt üvtvrninvii 

by UMti'pIc ratio (Sr-H'VSr-^O, C-UJ/Sr-'n») dating bvcaun« tliorv wa* a con- 

»iiivrabl«' (Mtiunt of ütrnntltm-W in th» ataoaptwr» du« to praviou« toating. 

Al»o, tlivKv data arv not coniidvrad boyond April 1^63 bovauao of tlw injaction 

til' huw •tiviitiim-',0 by Mnitvd Stataa taata aftvr tbin dato.   Thu«i tho obaarvad 

data art* fonrinmi .••«•hiiaU;  to tho winter aontha.   Tho «Mkl waa adaptad for 

a wintur *m»vn ox|tori)iant by ataualng tha aaaa avaraga alopa (4*1 x 10' ) of 

tin- tni(H*paui*v in tha Jot eon» ragloo but tha latitudinal povltion of tha Jat 

coiv tM» dUplacod ao«a Ih dagraaa aquatoivard. 

It wa« fairly w«U known that tha aajor taatlng in thla aarlaa waa 

conductad at Novaya Za«lyav appro^iaataly 75^ latitude, but cha altituda, 

«iitnitiidoi» and vortical dutrlbutlona of tha individual injectlona ara highly 

»|M*rulativo.    In tho aodol, thenrfora, tha M^iltudo of tlw injection wa« 

arbitrary and, uaing the obxerved data aa guldallnaa for altitude and vertical 

diatributimi, an vqually distributed line source wa« put in between 45 and 50 

thoupand luvt. 

ritfure   141   tdiow« the reaulta of one of theae «implified experiment« 

with polar injection«.      It can be appreciated that the aajor feature« of the 

itntoapharifi concuntration pattern« were reproduced In a qualitative fa«hion. 

Tin- tno.«t >ati.<.ryi;nj feature i« tlut the observed upward-equatorward «lope of 

the .«urface of miiximun concentration was reproduced quite well. 

In rigure   142   the surface deponition computed from the model is 

113 compatvei with the estimate of distribution from Hardy and Collins and 

115 
with an eatiMte iletcrmlnod  from data by Telegadas which incorporates a 

correction for raintalJ.    The better agreement between the model prediction and 
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IIK- TulugMüflü estimate U noteworthy Mince tliu wut-falluul ximuJul ioti  in Ik* 

model Is baeed on the average iMtridtonal 'iiHtrlbutiun of ruiui'ult. 

The obwerved data of Ik- duvt-eatfe with timu ui* tin.* Kiralo^phurlc 

burden of «trontliMh-VO fron 1V61 Soviet teet«* arv Ineuffictenl to pruvidu a 

worthwhile quantitative entinate of revidenco ItaJI-tiaui« of ilu- maturtaii 

It I» Henerally reeogpixod that tu- reüiduncu time of debric In tin- AtmuKptM*iv 

is dependent upon the lioight, latitude and weapon of injin-tiun and tliat it  li 

»horter for highor latitudes and lower altitudeK   '    •   Renidenee laif-ti > 

of S to 6 aontlui have been eoniiidervd rvaeonoble Cor %'.*   lower polar »trato- 
101 

«phere in computatione of burden trends     • figure   143  «Sew» tlw dectvane 

of stratospheric burden with time as predicted by the numerical mjdel.   A re»!- 

dence half-time of S to 7 months is indicated for the curve.    The«e valuei* are 

generally lower than those predicted in the tmplcal injectiuii and are In rea»on- 

ablc accord with the investigators cited above. 

The experimental results of the polar Injection •trvtMiiti"! aUtiw required 

a winter season adaptation of the model as used for tk- trepieal  injection.   TliU 

adaptation was considered to bo reasonable, and the later »ucce»i* of xhe four- 

•eason model of Project STKCAK tends to substantiate thii«. 

Generally the STREAK model gave results which quite »atlofaeturily re- 

produced the strontlum-90 behavior for the 1961-1962 l.S.S.R. and r.S.A. atmo- 

spheric test *oiies.    However It In noteworthy that It did not account  for tlic 

behavior of the tungsten-185 a« well as did ll«   STARDLST aean aiKiual   .otli-J. 

Porhap» because of the relative lack of i«ea»onal change in t!.- •»••teorolo^ical 

prot*ei*ties of the tropical stratosphere the STARDUST model more CIOM'I.V  represent« 

the behavior of debri» injected in the equatorial region» tluin doe« the four-weason 

STREAK iH-Vl. 
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FIG. 143     DECREASE   OF    STRATOSPHERIC    BURDEN 
WITH    TIME   PREDICTED    BY   NUMERICAL    MODEL 

FOR   POLAR  INJECTION. 
632 



lauiurbd 
A TvltMlynv Company 

13.5   Cutu'luitiun 

A nuavrlcal ntidfl of •■My <iiriui«ionf |i«i*tit'ii* ^•'tllititt >JIHI  ii-nH>\.il   in 

tin« »inti-milH-n-i n.jn.f.nlM'n'-uirlli'i« surlW«- ^y^.!^•lm luif bt-i'n ilfV^lopsd wlilrli 

pnnJlct» MitUractorily tin- ^ttaviiii* nf injfctfon» »•!"   j<. ■ i i    intn '.'•   laMvr 

tmptral ■tratoyptKfn*.    Applying of tlii* mnUl to h^i'i* |H>ljf itntuaplivrir 

Inject Ion» Ivutl to predict ionn which, at   :«it, an* not   in uro*.» ••rii>r.    Tin- 

«odd IM* a tvlativcly »iaiplo #vt of purnnotori*  for clbiiMt-lifi^ini; it»   i IMH.— 

port-rtiaov«! »y»itfm.    A priw ffiitun- of tl«- modol  i» that  tin- local fMsi- 

iHirltuntal principal a*iw of XU  ililTui>ion ton»oi* Hot» in Mirfuc«^ pdi'allol 

to th» tropopauae.    Thi« i» an enpirical  rv»ult of the piVM-nt i«tiidy. 

It has been widely held that large-acalf eildy ilinWiim l^ bahically 

(Vf) 
an isentrupic pruceüü.    The obaorvation vn» math' by IVnly .m«! S|MI'     *   IIMI  tin- 

tungaton-lBS dlatributiun appoared tu \u>\v been affected hy non-laenti"opic motions. 

Since basically, the «ame data connlilered by them wore uwil in thi»* .-tinly,  it   i- 

perhaps not surprising that a "non-i sen tropic** rnrniel yii'l<i<il tin- hf>t  rc^nilth. 
003) 

Hering and Borden in studying ozone transport, computiV «urlVjci-.. .,1* ••i|iiul 

potential vorticity in the stratospla're; tlwy concluded tliut tilt mom tramporl 

may occur in motions parallel  to these surface» which are mon« nearly parall«'! 

to the tropopause than are the isentropic surfaces.    Nuwt'l!      '   in ütnilyint; 

potential energy-kinetic energy relationships in tlie stratosphero, nnulutlcil 

that non-isentropic processes took place there, taptcially in mid-liititude 

rpgions.    These findings, jli-nj« with the current motlel  rtmly.  Indicate tli.it  the 

primary large-scale mixing processes in the lower stratospherp may take placn 

along surfaces of constant potential vorticity.    This ^taitmciit must  bi- qualifiiMl 

as conjectural, since there are no reHabK- climalolo^ical   st r.it«»sph«.-ri»- pntonlia] 
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vorticity «lat.i wliiih i-oulil bi* UMUII in proof.    The numerical experiment embodied 

in tin1 pii'uent  «-tuily is, howcver, »entiitive enough to show that some non-isentroplc 

pnu'vsHux arv invulvifd in large-scale mixing motions of the lnwer stratosphere. 

FUrthcnnore, it appear« lamteviMUty to ascribe a dominant role to meridional circu- 

lation* in the transpi>rt of material  in that portion of the atmosphere. 
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